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ABSTRACT

I
e

The Precision Multiband Viewer Study was prepared by the Science Engi-
neering Research Group, Long Island University, in accordance with the
requircnents of Exhibit "A'', Statement of Work for 'Precision Multi-
band Vicwer Study', contract NAS 9-9489.

The Precision Multiband Viewer, hereafter referred to es PV, will be
used for the screening and precision analysis of multiband photographic
imagery obtained with multibend photographic systems to be used by the
NASA. ‘The PV will be instailed at the Manned Spacecraft Center and
will be available for use by the earth resources user agencies and Prin-
cipal Investigators. The DMV will be designed to accermodate, as possi-
bile multiband imagery obtaincd from other camera systoms.

The objective of the MV study was to define and develop design criteria
and preliminary specifications which will enable NASA to procure a suitable
viewer with a minimum of design expense consistent with the desired and
necessary level of performance. To accomplish this the study was organized
into ninc (9) tasks as follows:

Section 1- Preliminary Study Criteria § Pre-
Registration Concent
Section 2- Preliminary Findings-'""Feasibility of
Constructing a PMV to landle 5" § 70mm
Photography'. (NASA letter, ref.TF-6, 6 Junec 1969)
Section 3- Determine § Lvaluatc Existing State-
of-the-Art of all Available Anparatus
& Techniques for Achieving Color Pre-
sentations from Multiband Photography
Section 4- Discussion of Projection Lens Criteria for
PMV
Section 5- Projection System Design Criteria
Section 6- Registration Criteria § LError Analysis
Section 7- Preliminary Specification, RG-321-S, for DMV
Secticn 8- Acceptance Test § Calibration Specification,
RG-321-ATS, for PV
Section 9- Conclusions § Recommendations
Sections 7 and 8 represent the required outputs from the PMV study in
accordance with the Work Statement for Contract NAS 9-9489. Section 2
vepresents the preliminary findings in responsce to a NASA letter request,
ref. TF-6, dated 0 June 1969. Section 9 presents further discussion, '
approaches and design analyses relating to the advantages of the Pre-
Registration Concept briefly introduced in Section 1.

It is recommended that further study be conducted to further analyze the
Pre-Registration Concept, and that a breadboard model be constructed to
demonstrate the feasibility of this concept, which can be very advantageous
for multiband photographic imaging systenms.
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1. INTRODUCTIOHN

Lol the Problem

The Precision *biltiband Vicwer Study was organized in accordance

with the requirements of Fxhibit "A", Stateront of Work, Contract NASO-
9489 for Tarth Obscrvations Division, NASA/'EC, CGary 1. Krasus, Technical

) » ~ . e - . P
Monitor, as shown in the Flow Diagram of TFisure 1.1. The ultimate objec-

tive is to define and develon desien criteria and preliminary speciflica-

tions which will enahle MNASA to procure a suitable viewer with a mini-

mun of design expense consistent with the desired and necessary level

of performance.

1.2 Preliminary Studv Criteria

Pre-Registration Concept

Figure 1.2 shows the Functional Flow-Diagram of the Pre-Registra-
tion Concept whercin it is considered that the basic problem of nrecisely

registering the four multiband images, at their specified locations, is

not accomplished in the Viewer but in a separate high nrecision nrojec-

tion printing device having an adjustable film gate. The registration

will be accomplished by unskilled personnel, through the use of easily

handled and understood alignment adjusting mechanisms and controls.

After the image content of each film frame has been adjusted and regis-
tered to the reticles of the superimposed image, it is recorded in its
1

exactly desired location on the dunlicating £ilm roll.

The pre-registration can be accomplished as shown in Figure 1.3,

by projecting cach image on to a projection screen mask, incorporating

adjustable reticles. Depending upon the subject matter of the film

frames, sclect and identify at least four significant key roints and

1-1
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preciscely align the screen reticles on to these images wsine a microscone

oy magnifier for aided viewing, 1his would be done with a oll Film Casselte
in position 1.

After recording film frame #1, the Cassette is reomared from the ontical
path and film frame #2 is projected, adjusted and alieoned until the same
significant key points, of this second similar but spectrally different piece
of imagery, are exactly aligned to the screen reticles lecated from the first.,
This procedure is repeated for film {rames #3 and #4. The single highly
precisc and versatile film gate has provision for easily controlled X, Y and
0 motions of the film frame, tilt changing, distortion removal, or if needed,
variable scale changing. Automatic exmosure control will be provided so
that the casily removable roll film cassctfe with each latent image cxactly
located, can he readily processed., The four multiband 70 wm x 100 ft. film
rolls are mountéd on a carriage which indexes each film roll on to the
single optical projection system's axis. Fach frame, of cach film roll,
would occupy the same location on the 9 1/2" wide cut film which contains
a set of 4-70 nm images, once for each roll.

It is contemplated that the auxiliary data, correlated from other
Sensors aﬁd acquisition systems, will be input at the processing sub-system
as shown in Figurce 1.2. Since the input film is specified as a positive
material, the 9 1/2 inch wide estar base duplicating film has been speci-
ficd as S0-239, a rcversal film, so that positives will he made available

to the film viewers without any subscquent operations. In the event that
7/ . I

the input £ilm is negative, then 2430 estar duplicating film can be used,

The pre-registration concept is ideally suited for the utilization of two

types of multiband viewers, as shown in Figure 1,2, The objectives of "screen-
ing" and “'precision analysis' are best served by separate devices rather than
comhining the functions requirced for these different objectives in one par-

ticular designed multiband viewer.




2. PRELIMINARY FINDINGS ¢

FEASIBILITY OF CON
STINCH AND 70 HILL

L

'2. 1. INTRODUCTION

The purpose of this investigation was to determine the feasibility
of constructing a viewer to handle 5 inch and 70 mm frame multiband
photography, as per paragraph 2 of NASA letter, ref. TR 6, dated June
6, 1969. A discﬁssion on the techniques and problems involved in de-
signing such a viewer is given. |

The investigation was conducted within two basic phases. In phase
A, the feasibility criteria and techniques for evaluxfiing this criteria

waé es4ablished.  .In phase B, the feasibility analysis was conducted

and attempts for performing quantitative, as well as qualitative, analysis

are presented and discussed,

2, 2. FEASIBILITY APPROACH

In establishing criteria for feasibility and techniques for eval-

uating these criteria many considerations come to mind. Some of these
considerations, such as; will it work?, will it be useful?, are diffi-

cult to quantitize. Other considerations such as cost, size, weight,

power, etc., can be more quantitatively determined,however, are not

significant by themselves unless appropriate "weighting factors' ave

applied.

Prior study activity has been directed toward studying the state-

of«the-art of all available apparatus and techniques for achieving color

£

i




«

his sactivity indicates

presentations from multiband photography. Some of
some novel methods for recording and retricving full color images with
panchromatic black and white film, as well as a wide ganut of additive
color viewers having meny varied characteristics and design criteria.

Feasibility can not be detexmined by proving vhether it will work
or not. Other factors must be entered into the evaluation and the sig-
nificance of all these criteria must be assessed and related to the spe-
cific objectives. Since the specific objectives themselves are not so
clearly defined, and may éven change significantly with time, an attempt
was made to conduct this investigation in an orderly and objective fashion
so that the data developed and presented will still be valuable and useful
even with changing objectives.

Since '"feasibility' was the prime basis of this investigation, it
follows that heavy emphasis will be placed upon what is meant by feasi-
bility., Feasibility, for this investigation, must relate to more than
the quality of just being possible. It must place more emphasis upon

practicebility. Since this too might be defined differently by different

individuals, this investigation will discuss and explain each criterion

selected to avoid possible confusion or perhaps an unscientific evaluation.

2.3, ESTABLISH FEASIBILITY CRITERTIA

Some of the more pertinent feasibility criteria are presented below:
-Functional suitebility and usefulness
-Performance capability

-Versatility and flexibility

2-2




-Cost {actors
-Reliability

-Maintainability

-Ease of operation and human factors .

~-Training requircments

~Logistics

-Size and weight

-Power and cooling

The order of presentation does not necessarily relate to the level of

importance.

2.3.1 Punctional Suitability and Usefulness
The functional suitability and usefulness is the most significant
of all the feasibility criteria. In order to effectively evaluate this

most signifiaant requirement, a thorough knowledge of all the 'User's™

needs are required. Since this is not readily available, consideration
can be given to some of the more typical and generalized factors affecting

projection viewing equipment of this nature.

Does the additional capability of handling 5 inch film, as well as
70 mm, help or hinder the photo interpreter in his primary task of ex-
tracting information from the multiband imagery? Will the larger format
reduce the scanning time for searching the film roll? Is registration
of the superimposed imagery more precise or easier to obtain? Is the
resolution of the imagery sufficicntly better and more useful to the
interpreter in performing his analysis? What are the advantages in il-

lumination and control of illumination? Is the illumination just as

2-3
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even for the 5 inch film gate? Are the (G
the greater anpguley Cov yecuired for the 5 inch film?  Does the
correlated larger screen size for 5 ¢ of

.

operation, location of conty ‘0ls, and human factovs cepability? [oes
the increased ranze of film adjustment require a variable speed drive

echanism in order to cover a greater range with the same degree of

b 1. . . ’
accuracy? Table 2-1presents the various parameters which come into con-

sideration and a means for comparing these criterda.

TABLE 2-1

lTﬁ\Z(“’]IO\uL SU]T 3TLITY CRT TERIA

Parameters to be Considered ' 7Gurm Viarer 5 inch § 70mm Viewer

Format (Gate) 2 1/4"x2 1/4" 4 /24 1/2"

(ox'cmf“ ; mary ey, { fwide ‘
Resolutiom 100 1.0 i f(n’? RE |
Projection Tenses .1 SAAT G et /m £ 20t
DIsiiiam fess : -
FMagniiication XA 06X
fmfml 2y (overage Qamo |
1]67 d Carvature 1o !
10N 5 micr ‘
, Ui on Level o0 YoR é
Lveness o ITTwwnation 0% falloft i i
Dimming Simnie n1ex i
T T6ss Inertia In~ “tia i
Fadm . Same |
T Gording EEIEE !
Range ol Vosit omnlex :
f X : ! : el Ve s 1hility g
Iri va;?‘jr;“;\;m Ton 9777 AN WAAL ’;
Overlay Capabitity Dimited ; yeuter ' ;
Screon Size (6T ] E" B0 30

2 -4



2.5.2 Performance Capability

This criteria is concerned with the gbility of the specific sub-
systems of the two viewers to perform in accordance with their speci-

fied design criteria. That is, what is the capability of the 70mm Viewer,

or the 5 inch and 70mn Viewer, to repeatably provide it's specified re-

solution value of 150 lines per wm?, of 30 foot-lamberts, + 10 %7,

etc. Tt does not refer to the MIBF*of the Reliability Criteria.

2.3.,3 Versatility and Flexibility

This criteria refers to the ability of cach specific Viewer to
accommodate modifications, changes and updating for future growth or
capacity. It reaches into the future where it would be expected that
greater functional performance would be imposed on Precision Multiband

Viewers as the technology advances. The exact nature of these expected

changes can not be stated at this time and speculative considerations

can not be reasonably evaluated. However, the capability for this cri-
teria can be evaluated on the basis of knowledgeable projection viewer

design considerations and this factor can be applied in the resultant

decision making matrix.

2.3.4 Cost Factors

In the real practical world we live in, the cost factors are under-
lying almost every pertinent decision we rake. The criteria of cost

presents a simple numerical teclnique for any feasibility determination.

The emphasis placed upon this criteria must also reflect the current

* (mean time between failures)
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economic conditions which exist at the particular time. The application

[ R, P - s e B i g o g 5 SN row g ey gy ey g e g N a5 e o ey
weighting fectors' permit this quantiiztive criteria

of appropriate
to be applied and related to technical criteria.

In addition to the direct costs assotiated with the specific
viewing instrument, other meaningful cost data should be accounted for;
for example:

-cost of training
-cost of replaceable and spare parts
-cost of mzintenance and support effort over

some typical viewing instrument Ilife span,

2. 3.5 Reliability § Maintainability

The reliability and maintainability criteria are reflected by the
relative degree of simplicity or complexity pertinent to the two viewers.
However, it should be noted that a viewer with a high maintainability
would generally not require a high reliability. The criteria evaluation
should also consider that both viewers have similar design criteria.
That is, they both should have manual over-rides for a'motofized film
transport design. The determination of MIBF and MITIprovide easy rel-

ative quantitative assessment of these feasiblity criteria.

2.3,6 Easc of Opcration § Muman TFactors

Ezse of operation and human factors are perhaps the most subjective
and most disputable criteria upon which to base an evaluation, since

they are so strongly influenced by personal prejudice. Yet, they are

unknowingly strong influences in forming the basis of whether or not

“(mean tine to repair)
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the instrument "will work" or be useful in meeting it's functions or
even in attaining itss specified performance. The intcrplay of the
many control functions for these particular types of wmrojection viewers,
with all theirymicrometric precision adjustments and evpanded dimming
controls, indicate that this criteria must have stronz value in the

overall evaluation.

2.3.7 Training Requirements § Logistics

Training and Logistics relate to the availability of materials
and persomnel. The readiness with which many viewer parts may be made
available from inventory and the availability of trained opertors and
maintenance personnel are extremely important. The degree of complexity
exhibited by a viewer determines the level of training required for its
use. These considerations are evidently involved with less significant

criteria and should be weighted accordingly.

2.3.8 Size, Weight, Power and Cooling

The significance of these criteria is also governed by the specific
objectives of the users. For this investigation, it was assumed that
‘there are no exacting requirements such as involving similar photo in-
terpretation equipment used for defense activities. However, the equip-
ment might still have to fit through doorways and be gged in facilities

having light floor loading, Iimited power and cooling capabilities.

2.3.9 Teasibility Fvaluation Decision Matrix

A sample of a Feasibility Fvaluation Decision Matrix is shown in




Figure 2-1. With the appropriate anplication of weip)

ineg factors basocd
upon the specific objectives and requirements of the users, quantitative
values can be applied to formulate an effective decision as to the fcasi-

bility of constructing a viewer to handle.both § inch and 70mm film,

2-8
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3. . Determine And Pvaluate Ixisting State-of-the-Art of All

Apparatus and Technigues for Achieving Coloy Presentations from

S SR OB R

Multiband Photography

3.1. Purpose

The purpose of reviewing existing state-of-the-art apparatus and
techniques for achieving color presentations from multiband photography
is to determine those functions and parameters best suited to the ob-
jectives of the PMV, as described in the work statement for contract
NAS9-9489. 1In this review we have eliminated those multiband or multi-
spectral applications which did not have the objective of achieving
additive color presentations, such as the nine lens system developed
by Itek. We have also reviewed the related technique of the multiple
Imagg/Color Retrieval Viewer-Printer of Technical: Operations but helieve
it has resolution limitations and considered its optical multiplexing

technique as not being compatible with our objecctives.

3.2. Paramecters

The results obtained from a thorough study of available additive
color viewers is tabulated in Table 3-1. This table compares the pa-
ramcters and design criteria which define this type of equipment. The
data was gleaned from technical reports, manuals and handbooks and speci-
fications as referenced in Appendix A. The viewer]varamctorsenumerafed
were sclected to provide comprchensive correlated data for comparison
so that the PMV design criteria, resulting from the study and analysis,

can he more readily evaluated,lable 3-1 does not include all detail de-
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sign criteriz essential for defining the optimum IV since that is the

OPLATACUS

function of the specification. Since the auwount of Moy

i

cluded the USAETL Multiband Additive Color Vicwer specification since
- this represents a picce of cquipment presently under development by Philco-
Ford.

As shown in Table 3-1, the following Viewer Parameters werce selected:

A- Magnification-factors or range provided primarily by pro-
jection of the spectral images with additional magnifica-

tion of the superimposed image by magnifier or microscope.

B- Number of Chamnels, Film Size and Capacity- number of spectral

images to be precisely registered and superimposed; the width
and length of roll film {formats acccommodated.

C- Film Gate (Format)- size of projection gate to specify coverage

for optics

D- Film Flettening- specifies function for evolving detail design
criteria,

-

- Screen Size and Material - dimensions prescinted to operator/

analyst re human engineering display criteria and interface

with screen brightness, magnification and format specifications.
F- Resolution- defines expected quality of system output either

at the screen or what input (short conjugate) capability is

outputted.

G- Registration- associated with resolution in relating to the

quality of the superimposed image by virtue of the magnitude




Li-

IJ"

of image dacplacement from theoretically perfect position,

ates o corcen brigh

5
U e e et e &

ILitsnination aod N5 e Cetend - polates

unifornity and its control.
Filters- spectral bandwidths.

Image Positioning- precision mechanism provided to facilitate

registration.

Projection Lenses- defines focal length and aperture as re-

lated to interfacing with other sub-systems and relative effect
on resolution, brightness, availability, size, weight, etc.

Film Drive and Footage Counter- indicates expected function

and usage of viewer relative to its case of operation and
productivity in transporting film.

Reproduction- type and capability

Power Required- type and amount of power needed.

Size and Veight- defines physical parameters.

Special Features- lists those additional important functional

features considered significant.

3.3. Lvaluation of Data

The tabulation of data in Table 3-1, for the various parameters

enumerated above, would provide the capability for a rapid and concise

parameteric comparison, relative to the state-of-the-art, if there was

more available equipment in the 'present' state-of-the-art, Tables 3-2

through 3-5 illustrate how effective this type of comparison can be when

sufficient data is available, as in the casc of standard rear proicction

viewers having multiple magnifications. Another pertinent factor to

[
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consider is the validity of the data, or absolute accuracy of the stated

/
paramrters,particularly with respect to those of resolution, registration,

brightness, ease of operation, reliability, etc. TFor absolute evaluation,

equipment test data should be provided however, this we realize becomes

impractical. Thercfore, we can draw upon rclevant experience and expertise

to apply appropriate weighting factors so that a realistic evaluation

can be made.

3.3 .1 Magnification and Film Format

As can be seen from the four existing viewers tabulated in Table

© 3-1, magnhifications ranging from 2X to 20X (+ 3X auxiliary magnifier) have

been specified for this primary parameter. The number of discrete mag-

nification. steps vary from one to three for the basic projected images.

Inherent with magnification considerations is the film format or size

of the input imagery and its scale, The input imagery format ranges

from 1" X:1'" to 4 1/2" X 4 1/2".

3, 3.2 Resolution/Registration

The resolution/registration capabilitices of the Vieﬁers are di-
rectly related to their optical coverage (all other things such as lens
focal length, distortion,calibration, matching, aligmment, etc., being
considered equal) so that the smaller the imagery format utilized, the

greater will be the output quality. The theoretically best pcrformdnco

would be obtained with extremely small formats and the largest focal

lengths which can be practically rcalized. This most critical parameter,

which represents the effectiveness of the entire apparatus and related




techniques, can not be effcctively treated since there was no objective

and impartial testing criteria cqually opplicd to all four viewers.

This is the one viewer parancter which is most suspect and difficult
to absolutely define. The validity of the data can be questioned by

the variations with which resolution/registration can be defined and

specified, such as "on-axis', "minimum'' or “anywhere in the format",
YAWAR', or "on-axis with ___per cent fall-off in corners'". Another
significant variable or not too well defined term, iz the contrast

of the input material or test target. This is most frequently re-

lated to as high, medium or low contrast and again, there is not stan-

dardized means for handling this decriptor of the resolution parameter.

The most accurate method for defining theperformance of the elements of

a system is by relating to its modulation transfer function (MIF) but
here the additional complexity in making these MIF determinations have
limited its utilization. In the final analysis therc is the additional
criteria that resolution (no matter how specified) does not completely
define the quality of continuous tone photography. There is the hard

to define distinction of acutance which can be independant of resolution,

3.3.3 Evaluation Summary

When the overall considerations for the PMV are correlated with

the objectives defined in the work statement it becomes apparent {rom
the comparisons prescented by Table 3-1 that a very useful and {lexible

Precision Multiband Viewer can be designed around off-the-shelf hardware

and using techniques which are within the current state-of-the-art.

It can also be readily scen that the paramcters specified for the NASA

3-9




PMV will provide capabilities which are readily attainable, practical

to realize and which represent an extension of the existing available

_apparatus and techniques.

e
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APPENDLY. 3 A

Precision Miltiband Viewer DMV Related Documents

1. Color Experimentation and Ivaluation Device -

(Additive Color Viewer-Printer)
Technical Report AFAL-TR-65-77, May 1965
Air Force Avionics Laborétbry

Research and Technology Division

Air PForce Systems Command

Wright-Patterson Air Force Base, Ohio

By Itek Corp. under USAF Contract No. AF33(615)-1037

2. Additive Color Viewer

Handbook of Operation and Maintenance Instructions for Additive Color

Viewer.

Unclassified Report AF30(602)3224, 1 April 1964

Prepared under the sponsorship of

Rome Air Development Center, ARDC, USAF

Griffiss Air Force Base, New York

by Giannini Scientific Corp., Santa Ana, California

3. Multiband Additive Color Vicwer

USAETL REQ-DAAKO2-69-Q-3356

Department of the Army.

U.S. Army Topographic Command, Corps of Lngincers
- Engineer Topographic Laboratories

Fort Belvoir, Virginia 22060

3-11
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Contract No. DAAK0O2-70-C-0145
Contractor: Aeronutronic Division

Philco-Ford

. Multispectral Film Viewer

Technical Report SERG-TR-04, 1 September 1968
Long Island University
Science Engineering Research Group

Contractor: Fairchild Space and Defense Systems

3-12
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4.

DISCHSS TON OF PROJECTION LENS CRITERIA FOR PRECISTON MIZTTBAND VITRER

1. CENERAL

In determining the detail design criteria for a set of four pro-
jection lenses to be used in the Precision Multibend Viewer, the first
things to be considered are the basic parameters as required for any
optical projection system; namely, resolution, field of coverage, dis-
tortion and aperture. In addition, there are the additicnal require-
ments for matching of focal lengths and the differcential distortion be-
tween each lens throughout the field of coverage.

Various types of imagery can be used as input to the Precision
Multispectral Viewer,therefore, we can consider the desired resolution
objective as being capable of handling the best photogrephic image de-
tail typicaily being obtained with existing reconnaissance camera systems.
Although high definition aerial films, suchas the fine grained Ekta-

chrome SO-243 type,have the capability of resolving up to 230 lines per

- millimeter at a 1.6 to 1 target contrast ratio (low contrast), the best

photographic image detail which is practically obtainable is in the
order of 130 lines per millimeter.

The field of cdvgrage of projection lenses to attain this degree
of resolution should be <30° total éngie, with half this range usually
used in high resolution projection devices to minimize typical aberra-
tions. Since one of the operational objectives involving false color
presentations is to have the capability of using any filter with any
lens, there can be no advantages accruing from optimizing the resolution

capability by selecting and working within a narrow spectral bandwidth,




The distortion characteristics are inter-related with the resolution
whenever relatively high resolution (greater than 100 lines per milli-
meter) is involved. To this is added the additional requircemsnt of
registration of superimposed imagery which,with respect to the dis-
tortion parameter, affects the differential distortions of cach of the
four lenses used in the Maltispectral Precision Viewer. For purposes

of insuring constant image detail, the projection lenses should have

low radial distortion. Presently configured multiband projection

viewers all have highlighted the significance of the aperture of the
projection lenses. Since it is inherent in multiband projection systems
that appropriate filters be applied to each projection chammel, the

loss of available energy is appreciable and therefore, the aperture of

the projection lens should be as large as practically possible. Optimally,
diffraction limited lenses having the largest apertures should be used

but practical lens design problems and trade-offs of aberrations do not
make this type of lens commercially awailable.

The criteria for exactly matching the focal lengths of the pro-
jection lenses is evident in the basic problem of registration. Tech-
niques of utilizing large run, commercially available, off-the-shelf
lenses and selecting lenses which best match and fit each other, can
be used to minimize this basic problem, ,

This technique is even more significant for the criteria of dif-

ferential distortion between lenscs, particularly for the higher reso-

lution imagery whichiis more readily degraded by poor registration.

4-2-




The first criteria of the ontical mojeciion system relates to
i . J

magnification which, as specified in the work statement, will be capable

of magnifying the superimposed Image in steps from one to twenty-five

times over the original scale. One effective way to cover this magnifi-
cation range is by the corbination of discrete magnificeation steps of
large area coverage supplemented with continuously varizhle magnifica-

omifications. This would

o>

tion of small arca coverage at the higher ma
be readily obtained by viewing a portion of the projected magnified
acrial image with zoom optics having the capability of extending the
discrete magnification by a factor of up to 4 to 1.

Considering a discrete magnification factor of 3 times applied
to the input imagery,there arc certain parameters which can now be an-
alyzed., The first parameter affected is resolution in that the 130 lines
per millimeter capability of the original imagery will now be 43 lines

per millimeter on the screen., This is not a problem with present day

projection screen materials which, although depending upon a diffuse

coating to scatter the light and presant the imagery on the screen plane,

do have sufficient fincness of coating to present up to 70 lines per

millimeter images. The 43 lines per millimeter resolution appearing

on the projection screen is,of course, a degree of image detail which

the unaided eye is not capable of resolving. With the average humnan

eye considered to have a capability of about 8 lines per millimeter
resolving power, there is still a factor of 5.45 times between what
is considered available and what is being viewed. Application of a

shaple 6 times magnifier can then equate the two. Present day tech-
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nological developments in integrated and micyo-circultyy fabrication

wfiers

have led to the ready availability of wide sngle,simple

covering a relatively large format with nominal distortion.
With high screen resolution, the proiected gerial imace, which wonld

be 6 3/4 inches sguare for 70mn frames, can then he viewed with a

standard low power, wide field, microscope having a zoom optical “train

of 4 to 1. With the appropriate eyepicces, this can cxtend the discrete

3 times projccted magnification by another magnificatiam range of say,

2 times through 8 times. Therefore, the interpreter/analyst will be

viewing the image with a magnification system of 6 times through 24 times.

With presently existing wide field microscopes, the coverage is approxi-

mately 7 inches divided by the magnification. This results in a viewing

capability of about 3 1/2 inches diameter at the 6 times magnification

reducing to a 7/8 inch diameier at the 24 times magnification, related

to the aerial image, which is a 3 times magnification of the input for-

mat. If we were to consider a discrete magnification of 6 times for

the projection viewer there would then be a 13 1/2 inch square format

on the screcen with an expected resolution of 21 lines per millimeter.

Here again, application of a simple 3 times wide angle magnifier can

readily bring the full resolution capability of the expected film imagery

to the observer. Correspondingly, different eyepieces can be utilized

in the zoom microscope to present an additional magnification range of

1 time through 4 times for again prescenting a 6 times through 24 times

Viewing capability to the observer. By using this last spccified micro-

scope magnification range of 1 time through 4 times in conjunction with the

discrete 3 times projection lens, a magnification range of 3 times







through 12 times is nrovided to the obseyver. The relationship of thesc

Distortion criteria affects two basic paramcters, resolution and
registration in an inter-related fashion. 'The matching of the cquiva-
lent focal lengths, LFL, of cach of the four lenscs has a gross effect
upon the registration of the four images. Topefully, a aoood fit will
be obtained, but the practical working Precision “hiltiband Viecwer mst
provide precise adjustments for compensating and removing all residual
errors. In corrclation with EFL, consideration nust be given to the
absolute radial distortions of the lenscs and the differential distor-
tions from lens to lens. The absolute radial distortions will have a
primary effect upon the resolution parameter whercas the absolute mag-
nitudes, whatever they might be, would not affect the registration nara-
meter as long as all four lenses had, identical magnitudes. Again, for
practical applications even with extensive sclecting and matching nro-
cediires, precise micrometric adjustments should be provided to correct
for changes and variations. Figures 4.2 through 4,5 show some tynical
distortion calibration results for four off-the-shelf inexpensive commer-
cial lenses. Table 4-1 presents distortion and resolution data for a
specially designed commercially available lens which is made in much
smaller quantities and is not as readily obtainable and costs apnroxi-
mately twice that of the preceding lens. Figure 4.6 shows the calibration
for a high resolution lens used in a Photogrammetric Imlarger. A1l dis-
fortioﬁ values given are in mm for Figures 4.2 through 4.5 and arc in

microns for Tigure 4.0.
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TARLE 4-1

DISTORTION AND RESOLUTION DATA FOR SPECTALLY DESTONED COERCTAL LENS

RADTAL DISTORTTON-RELATED TO ETL

5° 0 microns
10° 2 micwons
15° 4 microns
20° 10 microns

RESOLUTION-1,INES/MV

RADIAL TANGRNTIAL
-20° 79 74
_15° 81 75
-10° 83 81
-5° 84 8%
0° 84 84
+5° 83 ‘ 81
410° 82 78
+15° 81 | 75
+20° 79 66
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4.4 PESOLUTTON REOUTREMENT

v
i

Considering that the input f1lm could have the resslution capa-

bility of the best photographic image detail practically obtainable,

we have established 130 lines per millimeter as the reotirement for
this parameter. The resolution capability of an opticai projection sy-

stem is not determined by the projection lenses alone. There are other

factors outside the projection ontics which affect the resulting resoc-
X o L fe

lution. Some of these factors are:

-I1lumination source
§' -Film flatness

-Perpendicularity of film plane
to optical axis

-Flatness of mirrors used to
fold optical path

-Aligmment of mirrors used to
fold optical path

-Flatness of projection screen

-Perpendicularity of nrojection
screen to optical axis

-Spectral bandwidth of illumination

-Contrast ratio of input imagery

-Thermal effects upon the structure
and air

t

-Stability of all structurcs

-Dirt, dust, smoke, fog or moisture, ctc,

Another factor to be considered involves the way in which resolution

is specified. For example, is the specified value referring to the

resolution on-axis, AVAR(arca-weichted averape resoltion), or does it
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refer to the resolution required amwhere in the format?  This last
factor would then imply that the svecificed resolution is a minimum since
in any real practical device, the on-axis resolution is better than that
in the corners of the format, unless deliberately cestablished that way.
For most apnlications involving nrojection lenscs where the practical re-
straints of coverage, size, weight, focal length, foldine the optical
path, etc., arc traded-off, there is usually a broad cnough coverage so
that the resolution attained in the corners of the format is about half
of that aftained on-axis., This is not objectionable for the Precision
Multiband Viewer, provided that the capability cxists for positioning

any desired point of interest on to the optical axis. TIf this capability
is not provided, then the resolution requirement must account for the
specified permissible falloff., Therefore, the resolution requircaient of
130 lines per millimeter is considered to refer to the on-axis require-
ment and a falloff of resolution of 20 per cent in the corners, to 190
lines per millimeter, is accentable. It is of coursc, fcahizod that AAR
is commonly used but there is not significance in establishing this more
tedious nethod of evaluating the resolution capability of the instrument.‘
If greater falloff in resolution at the corners was permitted, the inter-

related registration of the four images would be degraded,

4,5 SULIARY OF PROJECTTION LENS CRTTERTIA

The criteria affecting the projection lenses for the Precision Mul-
tiband Viecwer are summarized as follows:

4,5.1 Discrete Maonifications: 3 times and 6 times for entire format

4-14




4,5.2. Zoom Magnifications: 3 times to 12 times and & times to 24 tines

with format of 7 inches divided by macnification

fall-off in corners.
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5. PROJECTTON SYS

5.1. Influcnce of Overzll Confisuration

The influence of the overall configuration upon the projection
system design is basically one of the prime considerations underlying
the usage of the PMV. In addition to the normal viewing tasks involving
scanning,identification, interpretation, analysis, etc., the operator

has to perform the exacting task of image registration., It is inherent

in all desipgn analyses to accent the functions which the operator per-
P

forms so that for this type of system design human factors must be cm-

phasized. Therefore, the displays, controls and all the many adjustments

which the operator must effectively manipulate have to be optimally con-

figured, Other usage factors which help define the overall configuration

arc:

-enviroment in which PMV will be used

-portability and movement considerations

-size

-weight

-power consupption

-cost

Making the appropriate trade-offs of all the variables involved in the

system design requires cdmplete understanding and knowledge of the objec-

tives of the PMV. For example, highest optical performance is obtained

on axis. Therefore, by employing extremely long focal length lenses

we can cffectively work on-axis for our required 2 1/4' format. lowever,

the impracticality of designing a viewer configuration which is say 15
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to 20 feet lonp, becomes apparent when the additional optical gain is
evaluated against the corresponding increase in size, weighty, cost,

etc., Study and review of all types of optical projeetion viewers and
similar types of cperator oriented equipments indicates that the optimum
configuration is the ''viewing console" type., Many human factors and
enginecring studies have been made which define all the significant para-
meters and design details for this type of configuration. Iye level di-
mensions, Jocation of displays and controls, opérator rcach, knee room,
etc., have all been thoroughly studied and analyzed. . Drawing RG-321-D1,
of the Specification, is an example of a PMV which is configured in ac-

. cordance with the preceding philosphy.

5.2. Projection Optics Focal Length

With a high performance optical system containing two sets of

projection lenses (3X and 6X) it is inherent that the total path length

(TPL) be exactly fixed and that only the lenses be moved when changing

magnification. In order to do this with existing designed projection

lenses it is best to modify the resulting magnification as long as we

know exactly what it is. Consider usage of standard commercially -avall-

able lenses of 8 1/4" (210mm) focal length for the 6X magnification

and 12" focal length for the 3X magnification.

For the nominal 8 1/4' focal length (06X} lens we have:
Object distance (0) = F.L. + F.L./M= 8,25 + 8.25/6 = 9.625"
Image distance (I) = F.L.(M+1) = 8.25(7)= 57.75"

TPL = 067.375"




For the nominal 12' focal lenpth (3X) lens we have:

0=12 + 12/3 = 16"
I =12(4) = 48"
TPL = 64"

The difference of 3.375" in total path length is easily eliminated
by shifting the magnification factor slightly. Tor example, as shown
by the data of Table 5-1 plotted out in Figurs 5.1, there are many exact
magnification combinations which would have the same total path length
(TPL) for the 12" F.L. (3X nominally) and the 8 1/4" FE.L. (06X nominally)
lenses.

It then becomes relatively simple to nominally select the discrete
magnifications for these two lenses, having the same total path length.
For example, the 8 1/4 " F.L. lens can be used at 5.7 X magnification
in which case its TPL is 064.964". The corresponding magnification of
the 12" F.L. lens, having the same TPL is 3.09X. Similarly, if the 8 1/4"
F.L. lens is used at a magnification of 5,8X, the 12" F.L., lens is at
3.165X, for the same TPL. For further prdjection system design analysis,
we will consider the usage of magnifications of 5.7X and 3.09X for the
8 1/4'" and 12" F.L. lenses respectively.

As can be seen on Figure .5-1, the half angle coverage of the 12"
F.L. lens is 5.6° and that of the 8§ 1/4" F.L. 1ons'is 9.2° for the di'

agonal of the 2 1/4" format.

53. Discussion ol Tolding the Optical Path

When using long focal length lenses and the size and weight of

the instrument become critical it becomes advantageous to insert mirrors
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CTABLE 5-1

12" F.L. Lens I 0 T.P.L.
@ 3.0X Magnification 48 16 64
@ 3.1X Magnification 49,20 15.871 65.071
@ 3,14X Magnification 49,068 15.822 65.502
@ 3.15X Magnification 49,80 15,810 65.01
@ 3,2X Magnification 50.40 15,750 66.15

8 1/4" F.L. Lens I 0 T.P.L.
@ 5.6X Magnification 54,450 9.723 64.173
@ 5.7X Magmification 55.275 9,698 64.964
@5.74X Magnification 55.605 9.087 65.295
@5.75X HMagnification 55.688 9.0685 65.372
@5.76X Magnification 55.770 9.682 65.452
@5.77X Magnification 55.853 9.680 65,532
@5.78X Magnification 55.915 9.677 65.592
@5.8 X Magnification 56.100 9.672 65.771
€@5.9 X Magnification 56.925 9.648 66.575
@6.0 X Magnification 57.750 9.0625 67.375

NOTE: Change in I is directly proportional to change in magnification

5-4
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in the optical path to reduce the size. Usage of a single mirror pro-

vides some additional complexity in alignment for focusing and for regis-
tration. Usage of multiple mirrors complicates the task even more so.
Consider the normal flatness requirements of a mirror in a relatively
high resolution single lens syétch In this single image projection
device the image projected off the mirror is influenced by the angle

and the flatness of the reflective surface. Variations in angle result
in keystoning types of image distortion, loss of geometric fidelity and
loss of resolution in those portions of the projected image whose image
distance has been shortened or lengthened. Variations in flatness af-
fect the resolution primarily, by criteriasuch asastigmatism, and second-
arily affect the positioning of the portions of the image. When the
tradecoff analysis is conducted and the advantages and disadvantages of
focal length/resolution/distortion/size/cost/weight/stability and all
the other criteria involved are evaluated it becomes apparent that for
the requirements defined in the work statement, the usage of longer
focal length projection lenses are not required for the 100 1/mm and
70mm format requirements. Subsequently for the conjugate distances

indicated inTable 5-1, the advantages of a mirror to fold the optics be-

comes questionable.

5.4 Illumination System Criteria

5.4.1 Condenser

The design of an effective illumination system for the DMV should
be implemented with standard condenser lenses. The condenser lens should

be positioned in the optical path in such a manner so as to image the fila-
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ment of the projection licht source to {111 the aperture of the projec-

tion lIens. When changing magnification there will be a significant vari-
ation in the position of the second projection lens. This can be acommo-

dated by simultancously inserting another conderniser lens element into
o

the condenser system to vary the throw of the filament's image, or by

movement of the condenser lens itself, or by a combination of both. Be-

cause of the attenuation of projection lamp energy by the bandwidth fil-
ter, the PMV's illumination requirement for each optical axis are more
severe. than normal film rear projection system's, There will therefore
be a higher amount of thermal energy generated by the light sources. 1In
addition to cooling, novmally by air flow, a specially coated mirror (di-
chroic) can be inserted ‘between the lamp and the condenser lens to re-

move the radiant energy which would cause unnecessary heating at the film

gate. This coating would transmit the radiant heat from the light source

and only reflect the visible wavelengths of energy, as shown in Figure 5-2.
Correspondingly, a heat absorbing glass can be inserted between the di-

chroic mirror andthe-light source which would block the thermal energy

and only transmit the usable visible energy.

5.4.2 Light Source

The selection of the proper light source for the PMV is an impor-
tant factor in obtaining sufficient contrast for the ipzge analyst. There
is a fairly wide selection of standard light sources available so that

the primary objective, of designing the PMV around off-the-shelf hardware,

can be readily attained with respect to this parancter. On the basis of
Y I

various trade-offs between luminance, reliability, maintainability, cost,
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availability, ctc., it is recomended that quartz iodiic Tamps be utilized
as the standard light source for cach of the four projection systans of

the PRV,

5.4.3 Brightness

e

The rear projection screen brightness, as viewed from the position
of the image analyst, should have a minimum acceptable luminance of at
least 30 foot-lamberts at all magnifications for comfortable viewing
under noimal room lighted conditions. This luminance should be obtained
with a 1.3 neutral density film in the projection gate, equivalent to 600
foot-lamberts open gate. In addition the screen should be evenly illum-
inated end, at no point, should the illumination deviate by more than 20
per cent. This factor is important because large variations in screen
brightness will affect the image analyst's evaluation of the film material

presented to him,

5.4.4 Viewing Scrcen

The recommended rear projection screen should measure 15" by 15"
to adequately cover the 6X magnification of the 2 1/4'" X 2 1/4" format.
This size screen will comfortably fit in with the average operator”s 60°
vertical field of view to provide full viewing capability from as close
as 60° (15in.)(.01745 radians/?)= 15.7'". It should be noted that too
large a viewing screen will make it difficult for the image analyst to
be able to comfortably view the entire format and still be within easy
reach of all wontrols. The viewing screen material should provide uni-
form luminance over its entire surface, with an open gate. It should

not contribute any color or granularity to the projected imare and should
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should not degrade the contrast. In addition the screen mzterial sclected
should be. capable of resolving at least 43 lines per nm i addition to the
brightness requirement.

5.4.5 Filters § Bandwidth Discussion

mes that the dun-

The selection of filters to be used in the PV ass
licated positive film has been %GpTOdéCCd so as to exhibit a low minimum den-
sity on cach of the records as well as a gamnma which is greater than one
(about 1.6). These constraints are necessary to produce adequate color dis-
crimination in a multibend additive process. High brightness value is ob-
tainable by keeping the minimum density as low as possible--cqual to or
slightly ereater than the base plus fog level. A camma of one on the re-
produced positive will generate an identical one to one mapping from the ob-
ject luminance domain into the density range. The result will be an accur-
ate presentation of the scene to the human eye. Tn order to generate greater
density differences and hence more saturated colors on the viewing screen,
the gamma of the vrositive records must be greater than one. That is to sav,
along the straight line portion of the characteristic airve, aldiffcrence
in log brightness will be represented by a greater density difference and
the saturation of the color between any two noints will have increased sub-

_stantially.
In the selection of multiband filters for viewing (or synthesis of
‘
the imagery) it is nccessary that three viewing filters be chosen with chro-
maticity coordinates of sufficient diagram is a maximui. The viewing fil-
ters should also be chosen so that the included triangle lies close to tgo
yellow repion since pure yellow exists in nature and cyan does not. The
thitd condition for nultiband additive viewing filters is that they nossess

sufficicnct percent transmission to minimize the light source requirement,



e of these Tilters should have a dominant wavelonoth

v._;

v ol 67 50m +

2 and nominal chromaticity coordinates of (068 + .01, 31 O vhen

[

measured with an illuminant "C" source. This filter should have a nominal
bandpass of 120 + Smm and a peak transmission of 90% + 1 %, The sccond
{ilter should have a dominant wavelength of 470mn + 5Snm and nominal chroma-
ticity coordinates of (.141x .01, .048 + ,01) when measured with an illu-
minant "C'' source. This sccond filter should have a nominal bandpass of 140mm
+ Smn and a peak transmission of not less than 65%. The third filter should
have a dominant wavelength of 540nm + 2nm and nominal chromaticity coordinates
of (;240 + .01, .690 + .01) when measured with an illuminant "'C'' source.
This third filter should have a nominal bandpass of 130nm + Snm and a peak
transmission of not less than 55%.

It would be possible to sclect filters which lie closer to the locus
of pure color in the chromaticity diagram and hence have rore area included

in the color triangle. Consider such an alternate set; the characteristics

of each combination (1,2,3 and 1A, 2A, 3A) arc given in the following table:

,

FILTER 1 1A 2 2A 3 3A

DOMINENT

COLOR BLUE BLUE RED RED GREEN GREEN
DOMINEN !

WAVELENGTT] 470 450 615 645 540 530

CHROMATICTTY |
COORDINATES |.141,.048! .158,.019 ©.680, .32 .71,.29 |.24,,68] .22, .747

MAXTMU
T RANSHISSTON 05% 50% 95% 024

[ ¥y
(a1l
(A
—
ol
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The chromaticity coordinates of these six filters are plotted below

a3

in Figure 5.3. 1t is obviocus that 3A is more saturated than 5, that 24 is

more saturated than 2, and that 1A is more saturated than 1. 1t is inter-

esting to note however that the maximm transmission of 3A is only approxi-

mately 24% of #3. The maximum transmission of 2A is 97% of that for ¥2,

and the maximum transmission of 1A is 77% of that for #1., This substantial

decrease in the transmission characteristics of the more saturated filters

is due to their chromaticity coordinates and the relatively small half

bandpass which is required to obtain such purity., This decrease in trans-

mission indicates that a substantially lower brightncss level will be

realized on the multispectral projection screen. The resultant color dis-

played on the precision multiband viewer should be of sufficient brightness

to yicld a chromaticity triangle of maximum arca without sacrificing high

brightness level.

Color triangle produced by
supersaturated filters 1A,2A,3A
Color triangle produced by
filters 1,2,3.

FIGURE 5.%: CIIROMATTOTTY
COORDTNAITS OF STX CANDT-
DATE MULTTSPRECIRAL VIEWER
FILTERS,




6.Registration Criteria § Lrror Analysis

6.1. Gbjective
The primary objective of the Precision Multiband Viewer is the
superimposing of four spectral images on to a rear projcction screen
at various magnifications. To achieve effective superimposition, cach
element of ecach of the four images must be registered to each other to

a specific degree of accuracy.

6.2. Registration Accuracy Requircment

The registration capability for the viewer was specified as ''one-
half of a resolution element (5 microns at 100 lines/mm) at the center
of the image"in the Statement of Work for Contract NAS9-9489. This re-
quirement is interpreted as being the quality of each of the four input
images which is to be capable of being resolved when superimposed by
the projection optics of the viewer. In general, this is considered to
include magnification in order to see this fine degrec of detail. Figure
1 is a graphic representation of the interpretation of this requirement
for registration accuracy. The superimposed image projected on the
viewer screen can also be considered as an aerial image, which could be
viewed with microscope optics. It should be noted that the superimposed
image of Figure 1, pfojected at 10 X magnification, possesses greater
resolution than can be seen by the human eye. Therefore, additional
power is required to exploit the data content of the input film.

6.3. Error Sources Affecting Registration

0.3.1 General
The error sources affecting the registration accuracy of the

superimposed multiband image can be analyzed on the basis of their
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contribution relative to the practical realities of precision require-
ments. That is, some typical manufacturing or assembly tolerances will
have a gross effect upon the registration accuracy when applied to some
components parts, whereas the same tolerances applied to other components
are not as significant. lowever, the cffects of these secondary errors
are still felt by the system and the analysis will attempt to determine
the most practical method for eliminating or reducing these errors.
Differential errors in the locations of specific image points within

a film frame, relative to the other three film frames,are due to the
following factors:

A. Taking Camera Lrrors

-EFL valtation(scale); AX § AY

-Distortion; AX, AY § A6

-Exposure time (vehicle/structural displacement); AX, AY § A0
-Lateral displacement of film frame; AY

-Rotational displacement of film frame; A0

-Film transport tension variation; AX

-IMC or transport speed variation; AX

-Alignment relative to other cameras; A0

B. Vehicle Errors

-Roll; AX or AY

-Pitch; AY or AX

-Yaw; AB

-Drift or crab angle variation; A0

-Altitude (scale); AX § AY
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C. Film Shrinkage § Stretch

~Shrinkage; AX § AY (mostly AY)
-Drying variation; AX

-Stretch due to high tension; AX

Regardless of the source or cause of the error, and the relative
magnitude of the error, an evaluation must be made which can predict
the resulting mean error related to the overall perfoymance objective
of the Precision Multiband Vicwer. |

6.3.2 Image Rotation (6)

The effect of image rotation upon the registration accuracy can
be quite significant, depending upon about what point the rotation oc-
curs. The rotation of any one of the four input images relative to
each other, or to some best fit registration of the other images, could
be due to any number of causes; vehicle motion, camera orientation in
vehicle, film alignment and tracking in camefa, film alignment and track-
ing in viewer, etc. Consider a 70mm (21/4" x 2 1/4") film frame bro-
jected at 10X magnification. If this film‘frame‘is part of a standard
film roll, the width of 70mm film is specified as 2.754", +,002", ac-
cording to USA Standard PH 1.10. Typical film track widths are specified
to have a clearance of from .010 to .020 over the film due to standard
tolerances on a specified dimension, paréllelism tolerance, film width
tolerance and provisions for a minimum clearance should tolerances fall
on the low side. Figure 6.2 illustrates what would be the image rotation
error,‘relativc to the side of the film for a typical 70mm frame camsra,
with én approximately 3" long format plate. The skew angle for this

typical set of conditions, for the worst case of film tracking is
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tan 0= ,020"/3" = 000667

O= 23" of arc

The corresponding angular displacement of imagery in the corners

of the 2 1/4" x 2 1/4" format is .0207'" for this worst case condition

of image rotation only.

The effect of this image displacement due to angular rotation of
the image, for the extreme corners of one film frame only, is to degrade

the resolution from its original level of say 100 lines/mm to .8 lines/mm,

However, this type of image rotation is easily prevented for mul-
tiband photography applications by the design expedient of having a

spring-loaded lateral retainer for the film, in both the camera and the

viewer.

Another way in which the significance of this one error source

can be evaluated is to use the resolution capability of the human eye

as an alignment criteria. The average human eye has the resolution

capability of one minute of arc or .000291" per inch. This can be viewed

from the viewpoint of having four absolutely identical images aligned

in rotation to each other within one minute of arc. However, the imagery
in the corners of the 70mm frames can then be displaced from each other,
or the theoretically perfect image, by .000291(1.768) = ,00051". ThereQ
fore, with the best alignment possible by the unaided human eyé (with-

out magnification), the resolution of the combination of two theoretically

perfect images is limited to 40 lines/ nm.

Consider a Precision Multiband Viewer which is simultancously pro-

jecting the 70mm frame image from four (4) film rolls and it was just

decided to look at the next frame. If all four film drives transported
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the next f{rame to the film gate without any perceptible lateral {ilm
motion to cause image rotation, the resolution capability of any su-
perimposed image would still be limited to 40 lincs per mililimeter, re-
ferred to the input {ilm. Another consideration involves the angular
rotation capability which must be provided in the viewer to achicve the
registration capability of 5 microns even at the center of the image.

I1f the image rotation had occurred about a corner of the format, or has
occurred for the entire format of a given frame, as for example the ang-
ular alignment of one camera relative to the other cameras, there would
be an allowable displacement of 5 microns at the center. Refer to para-
graph 3.1.2 Registration, of Contract NAS9-9489 Statement of Work. The
angular rotation corresponding to this 5 microns is

tan 6 = .005mn = 00011
1.768 in (25.4mm/in)

g = 23" of arc

The significance of this value is that it highlights the degrce
of positioning preciseness and stability which is required of each image
rotation mechanism. In reality, an error budget will be established
and the allowable error due to image rotatdion will be much smaller in
magnitude so we can anticipate mechanisms capable of positioning ‘to
seconds of arc as being required. This introduces another factor rela-
tive to attaining a preciseness or resolution capability of this nature
in the viewer's remote controlled mechanism. If it will be required
to angularly position the imagery to seconds of arc, what will be the
total range of angular positioning required of the mechanism? If, for
example, a range of 5° is essential to cover the worst case condition,
this is cquivalent to 18,000 scconds of arc. The significance of this
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previous study relates to the establishing of feasible design criteria

with the appropriate error budgets. Tor angular rotation, standard pre-

cision is considered to be 10 scconds of arc, high precision is considered
to be 5 seconds of arc and ultra precision is considered to be 1 second

of arc. Auto-collimators, interferometers, etc. extend angular rotation

capabilities to 0.1 second of arc.
Consideration of the design of precision goniometers capable of

repeatability to 1 second indicates that this would represent the ultimate

obtainable without any limitations upon weight and size. Since 23 seconds
of arc was computed as the maximum angular rotation error which would

be acceptable if there were no other errors, it appears feasible at this
point to establish 5 seconds of arc for this portion of the error budget

which would not require a large amount of time to be spent in registering

the superimposed image. This would result in a total angular positioning

range to accuracy ratio of 3600 to 1.

6.3.3 Image Linear Displacement (X)

As with image rotation (6), there are numerons error contribution
sources which will displace the film imagery linearly: (longitudinally
relative to the film roll). In any case, regardless of what causes the
specific image of one particular film frame to be displaced linearly
in this X dircction, the Precision Multiband Viewer requires remote con-
trol capabilities which will bermit the reduction of these image dis-

placement crrors to the satisfaction of the overall system requirements.

If a differential image displacement is caused by a transient or short
time period variation in say, the IMC mechanism of the taking camera,

or il the IMNC mechanism of one camera relative to the others has a dif-
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ferent speed factor in its servo, there will be specific differential
displacements of portions:of the imagery relative to the corresponding
imagery on the other frames of the other film rolls.

Consider the effect of a typical 1 per cent IMC servo in the ty~'
pical camera. In achieving image motion compensation, the film (with
or without its platen) is driven, relative to the direction of flight,
by a servo system (controlled by a V/II computer) so that the blurring
due to relative ground motion during the exposure cycle, is minimized.
¥hile this exposure is being made, the closed loop servo drive is con-
tinuously changing its speed in response to the changing V/il signals.

For a given finite time of sayofﬂol seconds, which could correspond

to some portion of the total exposure time, there is a variation in
image displacgment produced in the direction of flight, considered the
X direction for most aerial cameras. The reference to a 1 per cent
IMC servo refers to the accuracy in matching the ground vector during
exposure, as responding to the V/H signals. Aside from lower film
resolution, this type of error can result in a differential displace-
ment of a portion of the imagery relative to its corresponding portion
of imagery on the other three film frames.

Another small AX error can be attributed to the variable stretching
of the film due to varying tensile force applied by the {ilm transport
drive, and even smaller AX variations due to minute differences in the
temperature and humidity from film roll to film roll.

Mother small AX error can be attributed to the permanent‘deforma—
tionor stretch in the film emulsion of each film roll, such as core curl,
as the film passes over a roller or spool with too much tension. Consider
the case of four scparate film rolls which do not have the same condition,
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relative to film transport, as when all four images are on the same film
roll. With well designed film transport drives where the optimized oper-
ational featurcs require relatively rapid accelerations and dynamic braking,
the tensile forces on the film become quite great. Typical tensile forces
used are 1 1b per inch of film width. The neutral plane of a film wrapped
around the spool cores or passing over rollers is subjected to deformation
from the bending stress itself, the different moduli of elasticity of

the base material, enulsion, gel backing, etc.; in addition to the vari-
ations in tensile force, as shown in Figure 3. A typical manifestation
of the permanent deformation is the''core set', or ''core curl", which

is often seen on the imner layers of film wrapped on spools. This dif-
ferential AX error can be ignored when all four images are close together
on the same roll of film. Of interest are the mechanical propertics of
the film and those involving dimensional stability. These properties
vary, within relatively small tolerances, from film to fiim. Consider
one particular film type: Estar base aerographic film. Data on mechanical
properties and dimensional stability of the film, the base, gel backing
and emulsion are listed in the Manual of Physical Propertics of Kodak

Aerial and Special Sensitized Materials. The yield strength (Sy), the

yield elongation(ey) and Young's modulus (QB) for the base are:

Sy = 13,500 psi Ref: Table 5-1 of E-K *anual
e, = 5.5%

Y

eg = 680,000 psi

A1l properties are measured at 70° F and 50% R.H, The most sig-

nificant property for the computation of stress/strain relationships

is Young's modulus of elasticity. The film basc has a thickness of 0.004"
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(+0.0002"") and a width of 2.754'". (el backing thickness = 0.0002"and
emulsion thickness is usually = 0.0003". The {ilwn clongation duc to

the tensile force in the film can be computed as follows:

er,p, = P
IVtSB
Where er . = elongation of the film, inches/ inch
P = tensile force on film, 1bs

i}

W width of film, inches

[
i

thickness of film base, emlsion § gel backing

gy = modulus of elasticity of base, 1bs/in2.

fl

2.75
2.75(.0045) 680,000

0.00033 inch/inch of film

n

The corresponding stress in the film for this elongation, considering

that only the base material would feel the strain, is

s=pP = 2,75 = 250psi
Wt 2.75 X .004

With the frame length of 2.25", the elongation oﬁ the film under
the typical tension of 1 1b/inch of film width becomes 0.00073", or 18
microns, over the same frame. With 90 per cent of the cases considered
to be 100 foot film spools, the variation in radius from an emptf to a
full spool would be almost 4 to 1 for standard film spools. This will
result in a variation of tension on the film of 4 to 1 unless the film
drive has a servo controller to measure film spool diameter and thereby

provide a constant tension drive.

In any event, just consider the éffect of a 1/2 1b variation in
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tension {rom one film drive to any of the others, This would result

in an elongation of onec image frame, relative to the others, of about

9 microns. Therefore, if all the other errors were climinated and the

images were identical and perfectly superimposed, if cne 70mm film roll

had 1 3/8 1b. more tension than the other, the imagery at the end of

the 2 1/4 in. long frame would be clongated and misregistered by 9 microns.

Temperature and humidity variations can cause surprising changes

in film length however, it is considered that for all practical puiposes,

the temperature and lumidity is the same for all four film rolls and

that all 4 film rolls are of the same material.

6. 3.4 Image Lateral Displacement (AY)

The largest lateral displacement of the imagery which could occur

is that due to the clearance, sec Figure 6.2, which must be provided bhe-

yond the maximum film width expected, so that the film can be efficiently

transported. This error is considered to have occurred in the taking

camera and it is assumed that the Precision Miltiband Viewer will employ

springloaded film guides at the projection gate so that it will not con-

tribute further to this particular error. It is considered, in this

case, that the film was tracking perfectly and that no skewing, as dis-

cussed in 3.2, occurred. In actuality, there will probably be a certain

amount of both errors (AG § AY) occurring however, for this analysis we

will consider>the worst case condition which could occur. Therefore, it

is possible dor one image on a particular film roll to be displaced as

much as 0.020" from its corresponding image on another film roll.

Another significant error can occur in the framing or centering

of the format plate or platen opening itself. Even for high perf{ormance
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sophisticated aerial cameras this usually falls under the standard manu-

[al B 1

facturing tolerance of £0.005". Thercfore, we can consider its woist

case variation from one camera to anothey as being 0.0610", Other sig-

nificant errors which should be provided for by the lateral adjustment

mechanism of the Precision Multiband Viewer are rclated to the mounting

and aligament of the cameras in the vehicle wherein the image lateral

displacement, relative to the other images could be due to lincar and/or

angular variations; the corresponding decrease in width which accompanies

e~

the increase in in-length or elongation when tension is applied; relaxation

shrinkage or aging which, like the shrinkage resulting from processing,

has a grecater variation in the lateral dimension.

In almost all cases there is a diffcrential dimensional change

characteristic between the AX and the AY which is minimized by use of

polyester base films which exhibit a high degree of uniaxialism,

6.3.5 Variations of Innut Photography

With reference to the Ind Item Specification, Flight Hardware

for Ixperiment $190, Multispectral Terrain Photography, MSC-KYV-E-09,

following are some of the pertinent specified requirements which define
the expected input to the PMV:

"n,3-7(g) Optical Axis--The ontical axis of the individual lenses

shall be determined to within an accuracy of less than 10.0 arc seconds.

When the lenses arc mounted to the camera and the film platen is in

place, the departurc of the platen from the planc perpendicular to the

optical axis of the lens shall have a total run out of less than 0.0002".

(h) Distortion--Lenses #1, #2, #3 and #4 will be matched

for operation in their respective cameras and snectral regions in such
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a manner that when the optical axis of the lenses are parallel to cach

other to within 60 arc scconds (That is, whoen the optical axis can be

moved with pure translation so that they interscct at a common noint
i P 3

they all lie within a circular cone of 30 arc scconds half angle).

Image points within the ficld common to four camera-lens combinations

will lie within a 20 tan 6 micrometer (tangential dimension) by 5 mi-
crometer (radial dimension) ellinse when the princinal points of four

photographic images coincide. (8 is the angular field rosition). Re-

stating the requirement, the lenses will be so matched that plots of

radial distortion versus field position for the four lenses when suncr-

.

imposed will have a distortion spread of less than 5.0 micrometers.

The spread of similar plots for tangential distortion shall be less

than 20 tan 6 micrometers. This applies to all field positions within

the 2 1/4 inch by 2 1/4 inch format.

In addition to the above, the maximum allowable radial distortion

is 50.0 micrometers. The maximum allowable tangential distortion is

5.0 micrometers. The axis of zero tangential distortion of the lenses

as mounted on their respective cameras shall be parallel with the curves

of maximum distortion all oriented the same way. This distortion matching
is to be achieved when the lenses are used with an aperture ratio of
£/2.8, £/4 and £/5.6. The above distortions are not calibrated distortion,

but are measured distortion.

(i) Lens-Tilm Resolution --The static lens-film-filter-camera

performance that shall be provided is specified graphically in Figure 4.

The resolution values are in line pairs per millimeter at the snecified

contrasts. (Contrast is defined as the ratio of the target bar radimce
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to the target space radiance.) The resolution numbers arc to be obtained
using targets of the 6v 2 Mil-Std., 150 A type. That is, the dimensional
layout and geonetrical  configuration of the targets shall be that of

the USAF 1951 Resolving Power Test Target with a cross in the center

of the pattern array for use in evaluating the distortion characteris-

tics. The resolution values shall be obtained using Mil-Std. 150 A me-
thods. The performance shall be verified along eight radial lines in

the format which are spaced 45° apart., The specificed resolution numbers

shall be obtained with each of the cameras (with the respective lens-
fiba-filter cémbinations) in the same focal plane in whid the distortion
and the transmission requirements specified herein are met."

The significance of repeating the specified rcquircménts of the
cameras is evident in that it defines the inputs to the PMV. Figure 0.5
is a graphical representation of the preceding to help define and clarify
the specification of allowable distortions for the camera since comparable
error sources exist for the viewer. Without resorting to a detailed
error analysis of the camera, the most significant data item of the input

photography specification is the distortion matching of the four lenses,

so that when superposed, radial distortion spread shall be less than

5.0um, The spread of similar plots for tangential distortion, as shown

in Figure 5, works out to be 5.36um for the 15° field angle corresponding

€

to maximum coverage. Since the PMV will be tested with calibrated targets

measured to an accuracy of 2um (the readily available present state-of-

the-art) the results will be more meaningful on a quantitative basis.

6-17-




§ SO

i
1 SO SO DR B

) 4
i !

R

S SS—.




6.3.0 Scale Variations (A7)

The focal lengths for cach of the lenses is considered to be
the same within the constraints of the specified parameters however,
there could be appreciable exrrors at the edges of the film format as
indicated by the summing of the specified errors noted at the top of
Figure 5. Consider a nominal ¢' focal length lens with all the vari-
ations occurring in any one of the four cameras. The maximum run-out
of the film emulsion, from its theoretically zeyo error position, of
.0005" can be added to the worst case differential variation,10" of
arc,for a total internal or individual camera image displacement equi-
valent to 1'-53" of arc. With an allowable camera to camera optical
axis alignment error of 60" of arc, it is possible for imagery at the
edge of one camera's format to be simultancously exposed with imagery
in an adjacent camera while angularly shifted a total of 2'-53" of arc.
With a 6" nominal focal length lens and the nominal 15° coverage this
can be graphically illustrated as shown in Figures 6.6 and 6.7. TFigure 6.0
illustrates the effect (exaggerated) of a 60" of arc optical axis mis-
alignment of the respective cameras, or a circular cone of 30 arc scconds
half angle. As can be noted from the graphical presentation, there are
significant variations in X and Y of the image location within the film
frame format with much less significant variations in the scale or size
of the image, Z. ‘The height H and the focal length F essentially remain
unchanged and the object/image size is thus related to the cosine of
the angular deviation, which is unchanged for up to ten minutes of arc.
Without repeating the rigorous mathematics of analytical photogranmetry,

we can more easily refer to the highest state-of-the-art photogranmetric
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requirements as an analogous comparison, Consider the most sophisticated

mapping camera systems in use today, wherein the pointing accuracy or

verticality of the camera is most critical in order to eliminate the nced

{for rectification. These mapping camera systems enploy pyro stabilized
7 8

positioning mounts to maintain and stecady the optical axis of the camera.

Typical performance of these systems is to hold the camera's optical

axis within a cone of 15 minutes of arc half angle with the highest attain-

able repeatable performance being 6 minutes of arc half cone angle.

Therefore, the criteria of 30 seconds of arc half cone angle would not

cause significant degradation in superposing the imagery by virtue of

the scale variations. Figure 6.7 illustrates the physical relaticnship

of the film emulsion plane relative to the optical axis. The worst

case conditdion for all errors such as perpendicularity to optical axis,

platen flatness, film pull-down, etc., is considered to result in a

misalignment of 1'-53" of arc. The change in size from the theoretically

perfect image, X;, to the distorted image, Xz, can be resolved into two

separate errors, as shown in Figure 6.7. The first variation of X; is

represented by X4 and .it is an enlargement of Xy due to the film emulsion
P Y & ae 1

being located some distance d behind (in this case) its theorctically

ideal position :At the other end of the platen it is a reduction. The

1
second distortion, from X; to X, is not a uniform change and is unidi-
rectional depending upon the direction of tilt. The significance of

this variation depends upon the magnitude of the resulting distortion.

With a 6" (nominal) focal length lens, the worst case condition for

the specified tolerances would result in a variation of approximately .0005"/6" -

.01 per cent. The effects of relief in the subject matter will increasc
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the distortion but this factor, like tilt, affects theretric accuracy

from the overall photogramciyric viewpoint. The cmphasis in this

analysis is toinvestigate those distortions and variations peculiar from

camera to camera within the total system.
Consider a finite image at the edge of the format for each camera.

In one camera we can consider the tolerances and variations as all falling

on the low side whercas they all fall on the high side for the next camecra.
With a finite image size of say 1l0mwm, as representing largest size detail

object of interest, the worst casc scale variation (AZ) would be .01

per cent (10mm) or lum. This can be considered as an insignificant change

in size and would not degrade the expected quality of the superimposed

image.

6.3.7 Angular Rotational Variations of Optical Axes

The angular variations of the input optical axes can be considered

for the most severe and critical condition which would occur when the

input photography was exposed at different times. In this case gross

errors, related to the aircraft's roll, pitch and yaw, would seriously

complicate the registration of the four images. The logical assumption
for multiband photography is that the four frames to be supcrimposed

in the PMV were '"nmominally" exposed simultaneously. A related assumpticn
is that all four cameras are fixed mounted together upon one homogenecous

stiff structure with no relative deformation occurring during the exposure

period. This, in essence, eliminates all dynamic errors related to the

camera installation and vehicular performance during exposurc. The re-

maining angular rotational variations arc those duc to variations in

6-23




exposure time due to different film/filter combinations and variations
in time constants, pulsc risc times and decay, etc., from camera to
camera. ‘The worst case condition for shutter speed and synchronization

is considered to be 4 milliscconds; ref. 3.1.1. 2.4.1 a. (5) (e) Shutter

. Synchronization, p.3-10 of Spec. MSC-KW-5-69 and 3.1.2.5.2 Intervalometer,

p.3-18. With an orbital altitude of 220 nautical miles and 6' focal

length lenses, the scale of the film is

S = 6 in = 1:2,675,000
220nm(60807t) (121in)
nn It

The orbital velocity for an altitudeof 220 nautical miles is about 17,500mph.
The image displacement on the ground, due to a variation in exposure

synchronization of 4 milliseconds is

D = 17,500mi (5280£t) (.004sec) = 102.67ft

“hr mi (3000sec)
' “hr

The image displacement on the film is

102,67ft  (12in) (25,400 microns) = 11.8microns
2,675,000 ft in

This variation of almost 12 microns can occur between cémeraslsynchrcnized
to an accuracy of 4 milliseconds and only represents the variation due

to the motion of the ground vector., This variation can be considered

to occur in either X or Y, or componenets of both, depending upon camera
axis orientation to the ground track., Other variations can occur during

the 4 millisccond  synchronization error which arc rclated to the vehicle's
orbital steadiness. Throughout the flight, the vehicle is stabilized

with respect to the ground vertical by thrusts from the gas servo-systems.
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These low power positioning actuators continually apply small corrective

>

o

torques to maintain the orientation. This results in the camcras' axes
being maintained vertical within certain stabilization (amplitude) eand
steadiness (rate) constraints. Of these two factors, the steadiness
cbnstraints are the most significant and arc worthy of evaluation., There
arc three mutually perpendicular axes about which the vechicle is sta-
bilized. These are its roll (¢), pitch (w) and yaw (k) axes. Since
the vchicle's dynamic characteristics are unknown at this time an analysis
will be made on the basis of the specified parameters and doterminiﬁg
what is the maximum permissible steadiness rate which will permit attaining
the specified parameters. For the cameraé we have the following:

focal length = 6"

shutter speed = 1/250 sec(4milliseconds)

resolition objective = 130 1/mm (Figure €.4)

(of lens-film)

Using the Curves of Resolution versus Stability, Figure 8 of Hycon
Manufacturing Company's "Aerial Photographic Reference Handbook', we
find the maximum allowable stabilization rate, or stecadiness, is 6 X 1(f3
rad./sec. (0.34°/sec). It should be noted that this relatively low rate,
or high degreé of steadiness, corresponds to nominal. performance obtained

with present state-of-the-art stabilized camera mount performance of

manned rcconnaissance aircraft.

6. 3.8 Vicwer Variations of Optical Axis

Aside from the location of the input film imagery, and its vari-

ations from film roll to film roll, there are other variations of the
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optical axis which cen occur within the viewer. The basic requircment

is that once cach of the optical axcs has been detemnine

d, they can be

aligned to cach other with a high degree of accuracy. It is asswucd

that this alignment of all the optical systems is done with cach system's

optical elements (lenses, mirrors, glass platens, etc,) fixed and opti-

mized for minimum aberrations. Another consideration inherent in the
basic design of this type of optical instryument is that the support

structures and all material uscd, be absolutely stable and that there

be no dimensional changes resulting from variations in time, temperature,

humidity, etc, Therefore, all materials used should be completely an-

nealed and stress relieved after machining and all optical components

and support structures should be analyzed against creep, relaxation and
other minute and long time duration dimensional variations. Adjustments
of the individual optical projection system elements can be made after

the particular optical axis is oriented but care must be taken to ensure

the stability of these adjustments.

6.3.8.1 Mirvor Considerationzs

Consider the effects of a mirror used in the projection system

to fold the optical path. The mirror must be flat -to within one wavelength

to ensurc equal reflection in both the X and Y axes so that no astigmatic

variations occur. In order to-attain a high degree of flatness the thick-

ness must be great cnough, relative to its size, so that the flatness

is maintained and is not affected by its mounting position oricntation
and mounting or clamping forces. Adjustment mechanisms should have

a fine degree of control or precision since an angular adjustment of
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1 second of arc, of the mirror, results in 2 scconds of arc displacement

of the image. Correspondingly, the clampinos or fixing efter the adjust-

ment is made should not change the angle,

6.3.8.2 Screen Considerations

_Since all four images arc projected upon a single screen it is
not feasible to have the screen as an adjustable component of the pro-
jection system. Thercfore,it has been considered that the input film
plane or projection gate is adjustable ~even though it incorporates a
much greater degree of complexity and secondary complications. The
primary essential requirement of the projection screen now becomes flat-
ness. Since the screen is on the long conjugate side of the projection

system its requirements are not as exacting. However, wnlike simple

projection systems, the PMV has four separate images projected upon the

screen. Since the four individual systems require some offset from

the common center-line, as shown in the top of Figure 6.8, there are some

angularitics to be considered. As can be scen from Figure 6.8, the ratios

1

of image to object distances (Ai 01/A101 versus By Ol/Blol) remain con-

i

t
P

stant and therefore, the size of the images Blci and BZ‘Z will remain

the same so that no registration problems will result. Also, it is con-

sidered that in the distortion matching of the individual lenses, the

particular lenses selccted would have been optimized for the particular

off-axis angular presentation required by the design. There is a re-

sulting variation in the resolution or image quality with respect to the

images of A and B.
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Theoretically,for an optimized image the angularity would result in de-

graded resolution for imagery at the ends of the format, A and B, whercas

imagery along the central portion of the format would be unchanged,
Again however, if the four lenses are selected and matched {from a large
engagh sample, and this selection is done under a simulation of the de-

sign conditions, this additional error source can be minimized,

6.4. Error Summary

6.4.1 Image Rotation Error (o)
With aided viewing (magnification) and an image rotation mechanism
capable of repecatable positioning to within 5 " of arc, the residual

registration error is approximately 1 micron,

6.4.2 Image Linear Displacement Errors (X and Y)

‘Precision linear displacement mechanisms for both X and Y can

reduce the registration errors to the micron level with appropriate viewing

and control capability provided to the operator.

6.4.3 Scale Variations (Z)

The expected scale variations was calculated to be .01 per cent
which, when reflected to the largest size detail object of interest of
10mm, is resolved to be 1 micron. Even if applied across the entire
format size of 2.25", would only result in a differential variation of
5.6 microns for the worst case condition, Therefore, if the valucs speci-
fied in the camera specification are met, it is not even neccessary to

provide an adjustment or means. of correcting for this small an errer.




6.4.4 Optical Axis Variations

Jven though the comera specifications ave realistically stringent
and exacting, the possible variations of the optical axis can result in
image displacements amounting to 12 microns. These image displac@ments
can be in either X, Y or 6 with respbct to one film frame's format re-
lative to another, or the others. These errors will have to be accounted
for by the operator as three (3) registration adjustments because of
logical exposurc time variations. If all the imagery were cxposed

through one single shutter and had the exact same exposure times, these

errors would be eliminated.
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7. PRELIMINARY SPECTFICATION, RG 3721-5, TOR PMV

7.1 Scope

This specification defines the design of a Precision Multiband

Viewer, herecinafter referred to as PMV. The PMV is to be used for the

screening and precision analysis of multiband photographic imagery ob-

tained with multiband photographic systems to be used by the NASA. The
PMV shall be installed at the Manned Spacecraft Center and will be a-
vailable for use by the Larth Resources User Agencies and Principal In-
vestigators. The PMV shall be designed to accommodate, as possible,

multiband imagery obtained from other camera systems.

7.1.1 Runction

The PMV shall be capable of superimposing four spectral images

through optical projection means to the accuracy specificd herein. The

capability for varying the hue, intensity and saturation of the resul-

tant image shall be provided in accordance with the parameters specified

in this document. A capability shall be provided for recording the su-

perimposed image on color film for future reference.

7.1.2 Principal Parts

The PMV shall be of a modular design, constructed as an assembly

of the following sub-system modules, so that advancements in the state-

of-the-art of the various technologies employed, can be effectively in-

corporated at some future date:

Sub-system Module Paragraph
Bisplay § Control Sub-system 3.4.2
I1lumination § Filtering Sub-system 3.4.3
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Film Transport Sub-system 3.4.4

Precision Registration Sub-system 3.4.5
Projection Optics Sub-system 3.4.0
Cooling Sub-system 3.4.7
Image Recording Sub-system . 3.4.8
) Structural Support Sub-system | 3.4.9

Each modular subsystem shall be designed and constructed so that the

specified performance requirement shall be met for both the modular sub-

system and the assembled viewer system. The capability for future

growth and modification shall not be construed to quailify the performance

objectives.

7.1.3 Classification ' ‘ \

The PMV shall be a flexible laboratory model designed for maximum

versatility. It shall be designed around off-the-shelf hardware, wherever

possible; and all techniques involved must be within the current state-

of-the-art.

7.2, APPLICABLE DOCUMENTS

7.2.1 General

The following documents, of the issue in effect on this date, form

i

a part of this specification to the extent specified hercin,

Specifications

MIL-F-14072 Finishes for Ground Signal Equipment

MIL-H-27894 Huwnan Engineering Requirements for Asrospace Systenms
& Lquipment

MIL-M-20512 Maintainability Requircments
RG-321-ATS Acceptance Test § Calibration Specifications for the PMV
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MIL-R-27070 Reliability Requirements for Development of Cround
Electyonic Equipnment

Standards

MIL-STD-150A Photographic Lenses

MIL-STD-24343 Spool, Aerial Roll Film, 70mm

FED-STD-595 (olors

7.2.2 Outline § Installation Drawing

" This drawing forms a part of this specification and shall be sup-

plemented by the necessary interface and operational requirements, which

is dependent upon NASA Earth Resources planning, which will be supplied

by the NASA. The dimensions specified in this drawing are design goals,

Any design exceeding these dimensions shall be reviewed by the NASA/}MSC

technical monitor,

RG-321-D1 Precision Multiband Viewer, Outline Drawing

RG-321-D2 Precision Multiband Viewer, Control Panel Drawing

7.3. REQUIREMENTS

7.3.1 Preproduction Drawings

This specification provides for the criteria defining how the manu-

facturing drawings arc to be made. The drawings shall be of good com-

mercial practice, no f{rechand drawings or sketches shall be furnished.

Schematic and wiring diagrams shall be provided which fully depict all

the necessary electrical data and interconnections for maintenance and

repair, as well as manufacturing.
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7.3.2 Parts § Materials

‘In selecting the parts and materiald, fulfillment of the desipn

requirements shall be the prime consideration.

7.3.2.1 Standard Parts

M5 and AN standard parts shall be used to the greatest extent.
The parts shall be identified on all drawings by their MS or AN part
number.

7.3.2.2 Commercial Parts

Suitable commercial parts may be used whencver approved standard
parts arc not available to meet the design requirements or to support

delivery.

7.3.2.3 Materials
Materials used shall be of good quality, entirely suitable for
their intended puipose. Materials shall be free from defects and im-
perfections that might affect the performance, serviceability‘or ap-

pearance of the finished product.

7.3.2.3.1 Corrosion Resistance

The PMV shall be constructed of materials resistant to, or suitably
treated to resist, corrosion by damp air. Protective coatings that will
chip, crack or peecl with age shall not be used. Finish shall be color

number , 1n accordance with FED-STD-595.

7.3.2.3.2 Toxic Materials

Materials capable of producing dangerous gases or other harm{ul

toxic affects under conditions of high ambicnt temperature, including
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fire, shall not be used. The use of teflon covered wive, however, shall

be allowed.

7.3.2.3.3 Tungus Resistance

Materials resistant to fungus growth shall be used to the maximum
extent possible. All other materials shall be treated to resist the
growth of fungi. The fungicidal agent shall be applicd only wherc nceded,
‘to eliminate the trcating of areas not required to be treated. The fung-

icidal agent shall be non-toxic to personnel handling the equipment.

7.3.2.3.4 Flanmmable Materials

Materials which will ignite or explode from an electric spark,
flame, or heating, and which, if so~ ignited, will independently sup-

port combustion, shall not be used.

7.3.2.3.5 Dissimilar Metals

Unless protected against electrolytic corrosion, dissimilar metals

shall not be used in intimate corttact with each ¢ther.

7.3.3 Design § Construction

The supplier shall provide equipment that has been designed and

constructed in a manner entirely suitable for the purpose intended.

7.3.3.1 IEnvironmental Conditions

The PMV shall meet the requirements specified herein when subjected
to cach or any combination of the following environmental conditions.
Two (2) levels of envirommental performance are involved:

Level 1 - The PMV shall comply with this specification when
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operating at Level 1.
H
Level 2 - This is a non-operating enviromment that requires
equipment survival and allows for maintainence ad-

justments before using the PMV but does not allow

replacing of parts.

7.3.3.1.1 Temperature --Ambient Alr:
Level 1 +50°F to +90°F

Level 2 -65°F to +1GO°F

7.3.3.1.2 Hunidity

For the range of temperatures specified in 3.3.1.1, the relative

humidity ranges are:
Level 1 40 to 90%
Level 2 10 to 100%
The PMV shall satisfy the conditions for Level 2 including frost

and condensation in and on the equipment.

7.3.3.2 Power

The PMV shall be designed to utilize 60 Hz power provided in "WYE"
connection, four wire format with 115 volts between neutral and any phase.

Power consumption shall not exceéd'fﬁ,OOO watts total, for any mode of

operafian.

7. 3.3.3 Power and Circuit Grounding

The chassis ground and cabinet ground shall be isolated from the

circuit, shield and power supply ground returns except at one point

in the PMV, At this single point all grounds shall be connected to-
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gether with low inpedance grounding links or cables.

7.3.3.4 (ooling

The PV shall be air cooled for heat removal and shall contain

all necessary provisions for moving the air. The equipmsnt shall be

designed to minimize the generation of heat and shall not degrade the

performance of the optical projection systems. Heat reroval through

the use of mechanical heat sinks ‘and conduction through the unit for

dissipation by radiation, shall be considered in the cquipment design

to minimize the capacity of the forced air cooling requirement., In-

takes for cooling air shall be filtered to prevent entrsace of dirt and

dust particles which would degrade precision.

7.3.3.5 Size
The PMV shall conform to and function properly within the space
envelope indicated on the Outline and Installation Drawing of paragraph

7.2.2. If the PMV design cannot comply with this goal approval of the

NASA/MSC technical monitor shall be obtained prior to the design freeze.

7.3.3.0 Weight
The total PMV weight shall be a minimum consistent with good design

and shall not exceed the weight specified on the Outline and Installation

Drawing.

The DMV shall consist of functional modular sub-systems capable

of casy asscmbly to form the final integrated vicwer assembly. Lach

modular sub-system shall be capable of having its requirements evaluated




outside the final instrument assconbly.

7.3.3.8 Hunan Factors

o

¢

The PMV shall be designed to provide the maximum capability for

efficiency of the operating and maintenance personnel. The design of

the integrated display and control module shall emphasize ease of viewing

with convenient location of the controls so that easy flexibility is pro-

vided, relative to manipulating the various parameters of hue, brightness
and saturation, for achieving the full capability of color presentations
from multiband photography, and for easy rapid registration of the four
images. A full-scale mockup of the display and éontrol module shall be
prepared after the design definition phase. This mockup design must be
approved by the NASA/MSC technical monitor prior to proceeding with the
detail design. In general, the PMV shall be designed to meet the fol-

lowing conditions.

a. The PMV shall be entirely suitable for use in normal and sub-

ducd anbient artificial room light. The ambicnt light range

for the display and control arca will be from 10 to 40 f{oot
candles.

b. The type and location of controls and adjustments shall pro-

vide relieble operation for prolonged time periods with a

minimum of opcrator fatigue. The type and location of con-

trols shall have prior approval by the NASA technical monitor.

c. Operation, maintenance and safety instruction plates, film

loading and threading diagrams, schematic diagrams and any

special alignment procedures and techniques shall be provided




in appropriate locations.

7.5.3.9 Reliahility
The PMV shall be designed to provide the required performance
for 500 hours, mean-time-between fa@lures(MTBF), with o maintenance
other than lamp replacoment. With routine maintenance, the equipment
shall provide the required performance without degradation for 6000

hours. The service life shall be 10 years with routine maintenance and

replacement of parts.

7.3.3.10 Maintainability

The mean-time-to-repair (MITR) for the PMV shail not be more than
30 minutes. The maintainability provisions shall include:

a. Test Points
Proper quentity at significant points, compatibility
with normal test probes, ease of accessiblity.

b. Marking
Component identification, circuit cafd.locations, power
and ground wires, cables, test points, terminal strips,
temninal lugs, coﬁnectors, etc.

c. Indicators
Fault lights, status lights of important circuit conditions,
power status indicators, mode lights, airflow, thermal con-
ditions, etc. |

d. Tools
The nced for unique test tools or test cquipment shall be

minimized; standard test equipment and personnel tools shell
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The PV shall be designed to include access pancls, suf-
ficient cable length and cooling, as required, to allow
maintenance personnel access to the test points while
the equipment is operating.

. Mdular Provisions

The PMV shall be orgattized as an assembly of functional
modules each of which is designed to allow ease of opera-
tor maintenance before and after assembly and integration
into the PMV., Simplification and miniaturization is de-
sirable and maximum standardization of components shall

be employed in the design of the equipment.

7.3.3.11 Audio Noise
The noise emitted from the equipment shall not exceed 50db at a
distance of three feet from any external surface of the PMV., 0 decibels

is defined as 10'16

watts per square centimeter. Air noise from cooling
devices, such as blowers or fans, shall be minimized by sizing the cross-
sectional flow areas to provide relatively large flow of air at low velo-

city. Separate or remotely located cooling . sources are not desirable.

t

7.3.3.12 Interchangecability

All modules and components having the same part number shall be
functionally and dimensionally interchangeable. The number of different

types of modules utilized shall be determined in the desipn definition

phase with the breakdown of paragraph 7.5.2 considered as a design goal.
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7.3.3.13 Dbust and Fbisture

Wherever practical, moving members and all other cyitical portions

of the PMV shall be scaled to prevent entry of dust and moisture particles.

7.3.4 Design Requirements

7.3.4.1 General

The PMV shall be designed as four integrated viewcers whose projected

images shall be capable of being precisely superimposed on a scrcen for

viewing or printing at various magnifications. Each of the four separate

convergent optical systems shall have individual illumination systems so

that the spectral quality of the light used to illuminate each of the

four film rolls can be varied to obtain any color presentation desired.

The illumination of each image shall be controlled by neutral density

filters. The PMV shall handle four 100 foot rolls of 70mm film and pro-

vide for precise registration of any 2-1/4"" square frame selected from

each of the four rolls. The images shall be registered by manipulation

of the X, Y, and 6 controls. Each projection lens shall have fine focus

capability, remotely controlled by the operator, for the various magni-

fications and lens adjustments to correct for differential shrinkage.

The design shall emphasize human factors engineering to assure accurate

and timely inputs of human engineering information into the design ef-

fort to produce an effective man-machine viewer system. Application

of data and principles of human performance to all the phases of product

planning, design and development of the equipment shall be utilized to

maximize the performance of operator and maintenance personnel in the

operation of the system. The design of the PMV shall provide for func-
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tional modular sub-systems, capable of ready asscably into the desiyed

viewer configuration, which shall represent the current state-of-the-

art. These modules shall be capable of replacement with similar but

more advanced modules as the state-of-the-art, of the various technologies
employed, is advanced. Appropriate working surface and writing shelves
shall be provide to facilitate placement of operator textual or recording

materials as shown in Drawing RG-321-DL.

7.3.4.2 Display and Control Sub-system

The integrated display and control sub-system module shall provide
the capability for maximum ease of eperation. A full scale mockup of
this sub-system shall be prepared, as per paragraph 7.3.3.8, reprcsentative

of the following specified parameters.

7.3.4.2.1 Viewing Screen
The viewing screen shall be mounted in the sub-system at an angle
consistent with drawing RG-321-Dl., The material shall be rigid and pro-

vide a durable surface for normal viewer use. Screen size shall be 15

inches by 15 inches with adjustable masks to reduce the usable viewing

area to 6-3/4 inches by 6-3/4 inches. These masks shall have separate

X and Y adjustments so that auxiliary data, such as density step wedges,

can be simultancously displayed. The viewing screen material shall be

the result of careful study and testing of various rcar projection

screen materials. The vicwing screcen selected shall provide the best

combination of image quality and brightness over the spectral bandwidth

specificd. Contrast retention, frecdom from color and capability of

viewing by wore than one individual shall be inherent requirements.
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The viewing screen shall be mounted so that it is prooorly isolated fvon

any shocks or vibrations wihich would be detrimental wiile having provision

for easy replacement. The vicwing screen shall be mounied on slides

so that it is capablce of easy transfcr out of the proje:tion display
area for cither vicwing the aerial image with the binocilar microscope

or for recording the desired image with theimage recording system module.”

A 4 X(nominal) wide ficldnagnificershall be provided ovzr the viewing

screen to aid in registration and for viewing high rescliution detail.

7.3.4.2.,2 Controls

The following controls, described in more detail in subscquent

paragraphs, shall be provided:

7.3.4,2.2.1 Internal Controls

-End of Film Switches
Il1luminates iiidicator in display area when end of cach film

roll is approaching and automatically stops film drive.

Operator actuates manual over-ride when he wants to wind or

rewind the entire film roll,.

-Platen Up/Down Switches

Informs film transports that the platen is up and that film

can now be safely transported. Illuminates indicator near

film drive controls and automatically interlocks all four

film drives for ganged operation.

~-Thermostats

Keeps cooeling air flow after lamp shut-off

* (sce Section 7.3.4.8)
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73.4.2.2.2 External Controls

The following controls, as indicated in Drawing RG-321-D1, shall
be provided:

-Power Status

-Magnification Sclector

-Fine Yocus (4)

-Film Trénsport Master Speed Control & Individual ©n/Off Switches (4)

-Filn Footage Counters (4)

-Image Rotation (4)

-Registration in X (4)

-Registration in Y (4)

-Registration Speed Changer (4)

-Saturation Lamp Power (4)

-Saturation Lamp Dimming (4) -

-Color Lamp Power (4) |

-Color Lamp Dimming (4)

-Filter Selector (4)

7.3.4.2.3 High Magnification Viewing

The display and control sub-systém shall incorporate a high mag-
nification viewing capability for viewing a portion of the projected
magnificd aerial image. This high magnification viewing sub-systcem shall
provide continuously variable, wide field, viewing optics having the

capability of extending the discrete projceted magnification by a factor
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of 4 to 1. The zoom viewing optics shall be provided with appropriate
support styucture and sliding means, integrated with the viewing screen |
support structurc, for ecasy access to the acrial image of the discrete
-magnification projection system. The magnification raﬁge shall be from
2X to 8X, parfocal,with a fine focus over-ride to accommodate variations
between operators. The screen image shall be nominally 7 inches divided
by the magnification of the zoom system and the:rbinocular cyepieces shall
be adjustable to suit the needs of all size operators in accordance with
existing ;ommercial practice. No color fringing shall occur when changing
magnification. The mounting arrapgement shall be in accordance with
drawing RG-321-D1 and shall emphasize ease of usage” and human factors
criteria. The resolution capability of the zoom optics shall be 6 lines

per millimeter. per power.

7,3.4.3'111uminati0n and Filtering Sub-system

Each of the four illumination and filtering sub-systems shall be
identical in performance and design with standardized parts and components
used to the highest degree. Each light source shall opérate at a color
temperature of 3200°K and shall be capable of producing an image with
high enough intensity and even brightness to be suitable for study and

evaluation in a normally lighted room. The intensity at the viewing

screen, without film (open gate), shall be at least 600 foot-lamberts
for each individual illumination system on axis and at the maximum cn-
largement. The wniformity of illumination shall be + 10%, including

the corners. FEach of the four illumination sub-systems shall be capable

of varying the hue, saturation and intensity will be indenendently variable
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from 10 to 10507 Ly use of neutyral density filters. The illumination shinll
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viewing screen.,  The filters shall be mounted in an anpropriate place in
cach of the four optical projection paths. Provision shall he nrovided for
casy interchange of the filters of cach sub-system for disnlaving the full
complenent of composité color images. Lach of the four illumination and
filtering sub-systems shall have provision for at least three (3) filters
ana an open eperturc. One of these filters shall have a dominent wavelength

of 615mm + Zmm and nominal chromaticity coordinates of (.63 + .01, .31 + .01)
when measured with an illuminant Y'C" source, This filter shall have a nominal
bandpass of 120 + 5w and a peak transmission of 90% + 1%. The second filter
shall have a dominant wavelength of 470nm *+ 5mm and nominal chromaticity coor-
dinate .of (.141 + .01, .080 + ,01) when measurcd with an illuninant "C'" source.

This filter shall heve a nominal bandpass of 149mm + 5mm and a peak trans-

mission of not less than 65%. The third filter shall have a dominent wave-
length of 540nm + 2ma and nominal chromaticity coordinates of (.255 + .01,

. 690

14+

.01) when measured with an illuminant "C'"' source, This filter shall
have a nominal bandpass of 130nm + 5am and a peak transmission of not less
than 55%.

7.3.4.4 Tilm Transport Sub-system

The {iln transnort sub-systems shall provide the means for moving

each film roll in either direction along its length in precise alignment
with the film gate. All surfaces contacting the film shall be polished to
prevent damage to the film. Film flattening for cach film roll shall be
provided by optically flat glass plates which uniformly transmit wavelenaths
from 4000°A to 9000°A and which are automatically released just prior to

film transport. The rcleasing mechanism desion shall he intenrated with a
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film, is obtained,  Promo v il enddes, one

1.
i

of which sall be to banit the Tile gooinst a fixed ad

stable reference plime.  Film loadine and threading

the nrojcection
gate shall be accomnlished in less than one miﬂute for cach roll of film,
Provision shall be provided for accommodating cut film of 70nm width and
sufficient length to permit easy handling. Bach film transport shall he
capable of moving the film smoothly and cvenly so that it is spugly wound
onto the spools in such a manner as to preclude marks, creascs, abrasions,
tears or other physical damage to the film. Bach film transport shall have
reversible variable speed drive capabilities from 0.1 feet/minute to 100
feet/minute. TFilm footage counters or indicators shall be provided which
_are capable of manual reset, The counters shall have a resolution, or least
count, of 0.1 feet and shall not have an accunulative error greater than

0.13 feet at the end of 100 feet of film travel.

7.3.4.5 Precision Registration Sub-system

The PV shall have a registration canability of one-half of a reso-
lution element (Smicrons at 100 lines/millimeter) as evidenced by the pro-
jection and superimposition of four separate resolution target arravs covering
the 2°1/4 inch square format. Tour identical resolution traget arrays, ecach
containing nine (9) resolution targets, arc considered adeaquate for testing
field flatness and rcsélution as well as registration, Tach of the four pro-
jection sub-systems shall be tested with the targets in place and illuminated
with the three primary colors using the filters previously specified. Regis-
tration shall be effectively accomnlished by vrimarily providing wrecisc
and repeatable micro-metric adjustments of cach Tilm {rame flattened in its

film gate for X,Y and 6. Each individual
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Xoond Y oedjveient nechonism shall have a resolution can

able to affect as swmall a displacement) of 1 micyon over a

of 2 millimeters. Backlash of each adjustment mcchanisn shall be eldn-

inated by usage of spring-loaded, wear compensating mechanisms ond, in

any cvent, shall not be greater than 1 micron. The totzl range of 2
millimeters travel shall be capizblc of being covered in not morc than
20 seconds of time. These precision linear adjustments of the film

frame relative to the optical axis shall be independent of film trans-

port (X) and lateral film positioning (Y) provisions. The rotation

(6) mechanism shall be -independent of, and not be affected by, the

X and Y adjustment mechanisms. It shall be capable of rotation through
an angle of + 3° in not more than 20 scconds of time and shall have a
resolution capability of 5 seconds of arc. Film flattening, which is
integrated with the film transport Sub-system, shall not affect cor dis-

turb the registration adjustment mechanisms,

7.3.4.6 Projection Optics Sub-system

The projection optics sub-system shall provide magnifications of

3 X and 6X for ecach of the four 2-1/4 inch square images. These fixed

discrete projcction magnifications, when used in conjunction with the

4 to 1 zoom binocular microscope of the display sub-system, shall pro-

vide a total magnification capability of 3X through 24X. Each projec-

tion lens shall have its chromatic aberrations tested, with each of the

filters to be wsed, so that their focal length change versus wavelength
shall not exceed + 0.1 per cent. The short conjugate distortions of

each lens (radial and tangential) shall not be greater than + 5 microns
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throughout the ficld. The focal length and angular coversoe shall be

such that ecach lens shall have a miniwen acceptable resolution of 100
lines per millimeter at the maximum off-axis angle. The curvature of
field shall be such that the preceding resolution shall be the minimum
obtained, referred to the film gate. Each projéction lens shall be
mounted in preciscly controlled mechanisms so that very {ine adjustments
can be made in fine focussing. The fine focussing (Z) resolution capa-
bility shall be 0.5 microns over a range of 0.5 millimeters. The angu-
lar coverage shall be extended beyond the 2-1/4 inch square image coverage
for displaying auxiliary imagery such as step wedges, fiducials, etc.,

for which the previously specified performance paramcters are not required.
The exact magnification ratios employed shall be calibrated and specified
to 0.1 per cent on the magnification changing control. All lens élemcnts
shall be mounted in accordance with best practices, Each lens barrel

or cell shall be permanently and legibly marked with the exact focal
length of therlens it gontains to the nearcst micron. All expdsed first
surface mirrors shall be protected by a coating which shall provide maxi-
mum rcflectivity over the wavelengths specified. The flatness shall be

as required.to meet the overall specified resolution requirement and

shall be of sufficient thickness, relative to the size, so that no degra-
dation in performance will occur with respeét to time and realignment

adjustments. Means shall be provided for optical alignment of complete

assemblies after replacement.

7.3.4.7 Cooling Sub-system

The illumination and filtering sub-systcem housing shall De properly

ventilated to transfer heat from this module. The cooling sub-systemn
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shit leaks which may antrodocs

7

inlets and outlets shall not producce
stray light into the vicwing screcen. Shielding shall be provided to
keep unwanted light from the screen. The cooling blowers and motors
shall not produce detrimental vibrations and shall be appropriately

wirt. Interlock circuits shall

Jl
1

isolated from the main structural sup

be incorporated in the PMV to prohibit operation of the projection

lamps unless the cooling system is in operation., The temperature

rise at any film gate shall not exceed 25°F above an ambient tempera-

ture of 90°F when the PMV is operated continuously at maximum bright-

ness for 4 hours with vniformly exposed f{ilms having a density of 1.6,
clamped at each film gate. If the cooling system mwdule is designed
with the blower unit as an auxiliary, remotely located package, it shall
be provided with casters and eppropriate flexible ducting to permit its
usage in a 6 foot radius around the PMV. Thermostatic control shall
be provided in each lamp housing so that blower or fan operation is con-
tinued, after the lamp is turned off, so that residual heat in the lamp

housings will be dissipated.

7.3.4.8 Image Recording Sub-system
g g Y

The image recording sub-system module shall be integrated into
the display and control system module so as to utilize the same precision
slide rails of the projection screen. When positioned into the optical

yath, the recording emulsion surface shall occupy the exact same plane
I 3 > I

reviously occupied by the diffuse coating of the projection screcen so
p 1 Y g pro)

that the superimposed imagery shall be recorded with minimum Ioss of de-

tail. The maximum allowable degradation of resolution shall be 10 per
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11 shall bhe provided The

image recording sub-sysion shall dncorporate o Ticht-ticht {iln
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or cassctte having {iln transport and {iln lattening corobhilitics which

shall be as simple as possible, consistent with the snecified requiirenents.
Film width shall be 9 1/2 inches vide and capahility for 100 feet of roll
filn shall be provided. 8 x 10 cut film can also be used at the exnense
of clipping one edge of the basic square format. Precision vertical slide
rails shall be provided to permit covering any 9 1/2 inch nortion of the
v;ewing arca with the image recording module. “hen using roll film, the
film transport, {ilm {lattening and cxposing shall all bhe automatically
accomlished. A film cutter shall be built into the exposed film spool
holder so that any desired amount of the exvosed film can be removed and
processed without exposing and processing the entire filw supnly., YWhen
using cut or sheet film holders, the exposure shall be manually imple-
mented. Exposure shall be controlled by a timer with the time setting
determined by photometer readings of the specific arcas of interest, The
general configuration shall be cormatible with the form outlined in

drawing PRG-321-DI1.

7.3.4.9 Structural Support Sub-system

The structural support sub-system shall provide a light tight
housing for the illtmination and projection modules as well as structural
support for all the previously specified sub-systems. Hinged access
doors or removable panels shall be provided for, casy access for main-
tenance purposes. The PMV's exterior shall be free from protruding parts
or sharp edges which may causc injury to operating personnel or which

may be damaged during operation or shipment. The structural support
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shall be fabricated of metal vhich shall be conpletely a

of internal stresses so that the precise alimments obtained will not
be affected by relaxation of load carrying elements. The structural
design shall cmphesize the criteria of stiffness and minimum deflection
or elongation rathsr than stress. The structural support shall be pro-
vided with appropriate rubber tired casters for portability and with
leveling jacks for installation. Shock mounts with relatively high
damping shall be attached between the jacks and the suppoert structure.
The precision registration and projection optics sub-systems shall be
interfaced on to their individual structural support which shall be
.secured to the main styuctural support with relatively soft vibration
isolators. Light baffling between the projection system support and
the main support structure shall be accomplished through the use of
flexible non-vibration conducting plastic foam material. The housing
or enclosure shall be painted dull black on the inside to reduce inter-

nal light reflections.

7.4, QUALITY ASSURANCE PROVISIONS

74.1 Responsibility for Inspection

Unless otherwise specified in the contract or purchase order, the
contractor shall be responsible for the pcrforman;e of all Quality Assuz-
ance provisions as specified herein. Unless otherwise specified, the
contractor may utilize his own facilities or any commercial laboratory

acceptable to NASA to conduct the tests.

7.4 .2 Mechanical and Ilectrical Inspections

The PMV shall be carcfully examined to determine compliance with
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the requirements of this specification which are not covered by specific
test procedures.  This includes quality of worknonship, grownding
weight, power consumption, usc of proper materials and finishes, visible
defects, or any other imperfections that would result in rejection of
units., ALl woving parts and controls shall be visually exemined to assure
that they operate freely without sticking or binding, that they are easily
identified and that noicontrol element can be inadvertently actuated.,

The PMV shall be examined for adequate operation, maintenance and safety
instruction plates, film loading and threading diaoramsﬁspecial instructions

(=

and conformance to the maintainability requirement of paragraph 7.3.3.10.

74.3 Acceptance Tests

Acceptance tests shall be accomplished in accordance with the ap-
proved test plan. The NASA technical. monitor shall be advised at least
two weeks prior to starting the tests so that a representative may be
designated to witness or supervise the tests when so desired. The ac-
ceptance tests shall be classified as those tests required to determine
compliance with the specified performance requirements. The Contractor
shall fumish all cequipment and shall beAresponsible for accomplishing
the acceptance tests. All inspection and testing shall be subject to
approval and surveillance by the NASA. The PMV shall be operated long

enough to permit the equipment temperature to stabilize.

74.4 Test Plan
‘The test plan shall be preparcd and submitted to NASA sixty days
prior to starting the tests. The test plan shall include but not be

limited to the following tests:




7.4.4.1 Revistration/Resolution Test

Py
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iccted to a reoistration/resolution test

o

The MV shall be sub

at the 3X and the 6X magnifications to verify compliance in attaining

the requirment of 100 lines per millimeter resolution for the super-
imposed image. The 4X wide ficld mognifier or the 2X to &1 zoom binoc-
ular microscope shall be used for aided reading of the remlution tar-

gets., The identicdl resolution target arvay, at ecach projection gate,

- shall consist of nine (9) standard USAF targets having at least 128

lines per millimeter targets.

7.4.4.2 I1lumination Test

Each illumination sub-system of the PMV shall be tested for con-

formance to thzopen gate hrightness requirement of 600 fest-lamberts

and for compliance to the requirement for uniformity of iilumination of

+ 10 per cent.

7.4.4.3 Temperature Rise Test

A temperature risc test shall be simultaneously perforned on all

four illumination sub-systems to detemmine compliance with the require-

ment of 25°F maximum temperature rise at the film gate, at the maximum

brightness, with films having uniformiy exposed densities of 1.6, for

a period of four (4) hours.

7.4.4.4 Audio Noisc Test

An audio noise test shall be performed simultancously with the

temperature risc test to verify confommance with the requirement of

50 db maximum at 3 feet {yom any external surface of the PHV.
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The PMY shall be operated a minimum of 100 hours wvior to con-

ducting the acceptance tests. The essential data and characteristics

of the various sub-systems shall be recorded during this pre-acceptance
test phase to assure satisfactory cquipment operation in accordance

with the requirements of Section 7.3 of this specification. A maintain-

ability demonstration shall be performed to verify conformance with the

MITR requirement of 30 minutes.

7.5. PREPARATION TOR DELIVERY

75.1 General

The PMV shall be prescrved, packaged, packed and marked for the

level of shipment specified in the contract or the purchase order.

Metal caps or plugs shall be used to cover all openings and to

prevent dirt, dust, or metal particles from entering the PMV.

75.3 Marking

LEach package shall be durably and legibly addressed, as speci-

fied in the purchase order. Markings shall not be damaged when the

packages are opencd, '

76. NOILS

7.0.1 Engincering Data

The requirements for enginecring data will be specified on the




Invitation to Bid oud/or the Parchnse Order.

The contractor shall prepare and subinit to NASA a design analysis

report upon completion of the design definition phase, within 60 days

from the date of contract award. Approval of this report by the NASA
technical monitor shall constitute the design freecze. Included with

the design analysis report shall be a full scale mockup of the display

and control sub-system module. All design details that will be utilized

in the fabrication of the PMV shall be itemized. Conclusions for the

design definition shall be thoroughly substantiated.

7.6.3 Precedence of Documents

When the requirments of the contract, this specification, or ap-

plicable subsidiary specifications are in conflict, the following pre-

cedence shall apply:

7,6.3.1 Contract _ | ,

The contract shall have precedence over any specification.

7.6.3.2 This Specification

This specification shall have precedence over all applicable sub-
sidiary specifications. Any deviation from this specification, or from
subsidiary specifications where applicable, shall be specifically approved
in writing by NASA.

7.6.3.3 Dravings

The drawing(s) referenced in paragraph 7.2.2 have precedence over
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referenced specificutions.

7.6.3.4 Referenced Specifications

My referenced specification shall have precedence over all ap-
plicable subsidiary specifications referenced therein. All referenced

specifications shall apply to the extent specified.

7.6.4 Performance OUbjectives

Simplicity of operation, ease of maintenance and an improvement

in the performance and reliability of the specific functions beyond the

requirements of this specificaticn, shall be considered in the fabrica-~’

tion of the PMV. UVhere it appears a substantial improvement in simpli-

city of design, performance, ease of maintenance or reliability will
result from the usc of materials, parts and processes other than those

specified in this specification, it is desired that their use be inves-

tigated. When investigation shows advantages can be realized, a request
for approval shall be submitted to NASA for consideration. Each request

shall be supported by complete supporting information. .

7.6.5 Program Plan

The contractor shall prepare and submit to NASA a program plan

delinecating the major tasks required to fulfill the specified require-

ments of the PMV and the manner in which these tasks will be achieved.

The plan shall present a series of work phases, the planned activities

for cach work phase as specific detailed tasks and the results expected
from each task. The plan will utilize work schedules, graphs, flow dia-

grams and other similar mecans to reduce the amount of verbal descriptive

material.
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76.5.1 Subcontract Plan

As part of the program plan, the contractor shall prepare a sub-
contract plan which includes the method of procurement, procurement sched-
ules and procedures by which control will be cxercised vver the subcontract

effort.

76.6 Final Report

The final report shall be submitted one month after delivery of
the PMV, The final report shall incorporate all status reports and shall
report all the technical efforts and achicvements accermplished and any

future recomnendations.




SECTION 8

.

ACCEPTANCE TEST &

8.1 SCOPE

8.1.1 Scope

This specification describes the acceptance test and calibration
requirements for a Precision Multiband Viewer, hereinafter referred to
as PMV. The PMV is to be used for the screening and procision analysis
of multiband photographic imagery obtained with multiband photographic
systems to be used by the NASA. The test program shall be designed to
provide only the minimum tests nccessary and duplication of efforts shall
be prevented. The contractor shall furnish all equipment and test ma-
terial and shall be responsible for accomplishing the acceptance tests.
All inspection and testing shall be subject to the approval of the NASA
or its duly authorized representative.

8.1.2 Place of Performance, Inspection § Acceptance

The primary place of performance for acceptance .of the PMV will
be the contractor's facility or any commercial laboratory acceptable to
NASA. Final inspection and acceptance of documentation, such as tech-
nical rcports and program plans, shall be accomplished at NASA by the
contracting officer or his representative.

8.1.3 Acceptance Test Procedurc § Test Plan

The acceptance test procedures and test plan shall be prepared
and submitted to NASA for approval, sixty days prior to starting the
tests, based upon this specification and Preliminary Specification RG-321-5,

Precision Fultiband Viewer (2 December 1969). Data sheets shall be pre-
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parcd to record the vesults of cocontance tosting
requirvements specificd. Acceptwice testing shall be accomplishos
accordance with the following general requirements:

8.1.3.1 Envirommental Conditions

Acceptance testing shall include environmental exposures, or
combinations of envirommental conditions of temperature and humidity,
as operating conditions for the following levels:

8§.1.3.1.1 Temperature of Ambient Air: +50° to +90°F

8.1.3.1.2 HunldltV' 40 to 90% R,

8.1.3.2 Calibration § Alignment

The PMV shall have been calibrated and aligned prior to conducting
the Acceptance Tests,

§.1.3.3 Operational Capability

ALl possible normal and abnormal operational modes, procedures,

and functions shall be applied to verify'fool-proofness" of design and

that appropriate interlocks are provided.

8.1.3.4 Test Failures

Acceptance Tests shall be performed under strict control of the
detailed Test Procedures, which shall be approved by the NASA or its
duly authorized representative. Adjustment or manipulation of any PMV
controls or hardware is not permitted during‘acceptance testing unless
it is normal to in-service operation. When a failure occurs, it shall

be reported with all pertinent data such as part nane and number. snecific
) s 5]

test being conducted when failure occurred, conditions at time of failure,
description of failure and cause of failure. The degree of retest necessa

in event of failure shall be proposed and submitted for approval and shall
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be approved by the NASA or duly authorize

ot

failure is defined os the inebility of
required functions within the specified limits of the Acceptance Test
Procedures.,

8.1.3.5 Repairs § Modifications

Any repairs, modifications or replacemeénts after completion of

the Acceptance Tests shall require retesting to assure the acceptability

of the change. The degree of retest necessary shall be proposed and

submitted for approval.

8.1.4 Test Subject Training § Test Material

The test subject shall be experienced § shall have had sufficient

training so that cvaluation of the PMV's effectiveness in terms of speed,

accuracy, completeness or correctness, as defined for these tests, shall

be obtained. Sufficient training time shall be provided so that the test

subject shall have been familiarized with the PMV's controls and operation,

the test objectives, routines and test material. The test material shall

be defined and rccommended by the Coﬁtractor and shall be approﬁed by
the NASA, or duly authorized representative, 90 days prior to conduct
of the tests. It shall iﬁclude, but not be limited to a distortion grid
and rcsolution~targef array covering the 2 1/4" x 2 1/4" format and mul-

tiband images obtained by various camera systems, the characteristics of

which will be supplicd by the NASA.

8.2 PRE-TEST PROVISTONS

8.2.1 Examination § Insncctions

Each module of the PMV shall be examined carefully to determine

accuracy of dimensions, that the material and workmanship requircments
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exist which would yesult in rejection,  The extent of the mechanical and
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clectrical mspoections shall bo dovained in the detailel AT

I3

P in accordance
with the DIV desion and shall consist of at least, the following:

A, Quality of workmanship

B. Grounding of electrical sub-assomblies and modules

C. Maximum weight check

D. Maximum power consumption

L. Appropriateness of materials and finishes

F, Corrosion protection

G. Operation of moving parts and controls

. Proper identification of controls and parts

I. Namcplates and special instructions

J. Safety prccautions

K. Operation and maintenance features

L. Film loading and threading diagrams

8.2.2 Operating Tine

The PMV shall be operated a minimum of 60 hours prior to conducting
the acceptance test. This pre-test operational period shall have included
regular operation and manipulation of all controls and functions.

8.2.3 Opcrational Tests

t

Prior to conducting any of the operational acccptancé tests, as
specificd in Section 8.3, the PMV shall be operated long cnough to permit
the equipment temperature to stabilize and to check the operation of all
essential functions. A check-list shall be prepared as part of the ATP
to verily thesc operations and climinate the need for retesting due to
any omissions or irrcgularities.
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8.2.4 Jialter Wove

sion Calibration

3

The filters shall be tested and calibrated priocy to conducting
the operational acceptance tests to verify that their dominant wave-
lengths, nowinal chromaticity coordinates, nominal bandnass and peak
transmissions arerin accordence wigh the specified paremeters of cach
band, The test and calibration shall be recorded on data sheets pre-
pared as part of the ATD,

8.2.5 Projection Lens Calibration

The preliminary calibration data, used for selecting and matching
the four lenses of the PV, shall be verified by calibration tests of
each of the four lenses as installed in the PMV. ‘'These calibrations shall
be performed with a precisely calibrated master grid having a 2 1/4" X
2 1/4" format, at cach of the projection magnifications., The zoom micro-

scope of the PMV may be used for measurements, or an external microscope

with reticle or filar cyepiece, etc., may be used. Data sheets shall be

provided which can record the specific measurement of each grid point

from its nominal position and the direction sign.

8.2.6 Measuring and Test EFquipment Calibration

A1l measuring and test equipment shall be inspected prior to usage
to assure that they are in proper working order and that they have had
their accuracy and performance verified by the Contractor's Quality Con-
trol or Calibration Department. The test instruments used, and their
last calibration date, shall be recorded on the appropriate data sheet

for cach test.

oo
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8.3.1 Tost 0bj

The acceptance testing shall be performed in accordance with thce
approved ATP.  The NASA technical monitor shall be advised at least two
weeks prior to starting the tcstsisp that a representative may be desig-
nated to witness or supcrvise the tests.

8.3.2 Perfomance Criteria

The acceptance tests shall include but not be limited to the fhll-
owing tests for Complianée with the specified requirements of Specifica-
tion RG -321-S:

8.3.2.1 Film Transport and Film Tootage Counting

8.3.2.2 Illumination Brightness, Uniformity and Filtering

8.3.2.3 Displays and Controls

§.3.2.4 Registration and Resolution

8.3.2.5 Image Recording

8.3.2.6 Temperature Rise

8.3.2.7 Audio Noise

8.3.2.8 Reliability and Maintainability

8.4 Test Imnlementation Plan

A detailed test implementation plan and schedule shall be prepared
delineating the sequence of acceptance testing with recalistic start and
completion dates. Significant milestones shall be highlighted in this
plan and the necessary test equipment and material required for each test
shall be indicated. The scquence of tests to be performed does not nec-
essarily have to follow that of paragraph 8.3.2, but should have some
specific rationale and lopic for most effective implementation of the

PMV's acceptance testing,
j 4
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8.5 kvalus

The test record data sheets shall  be orpanized and fashioned
so that all the test data is casily analyzed and veviewed for simple
evaluation of the necessary objectives. Each test resvlt shall be
isolated from the other test data to minimize confusion and pemit re-
peating any specific test without revising the entire fest record data
shects. Where different test data is observed or rcad by different
testers, the test data shall be averaged after each tester has taken
mualtiple readings and averaged his own observations. Any discreptancies
in test data shall be justified to the NASA test representative or the

particular test in question shall be repeated.




Mrltispectral photogranhy vses sets of spatially identical pho-
tographs, each taken through a different coptical filter and containing
different spectral information. To corbine a set of maitispectral films
into a coloy display, it is essential that the component images be super-
posed in precise register. Provision for registering the images can
be incorporated in the configuration of a multispectral camera, in the
design of a multispectral viewer, or in various processing steps which
take placc between photography and vicwing.

In the discussionsiwhich follow, a number of alternative approaches
to registration are examined, and the advantages of pre-registration
tecimiques are developed in detail. Practical, straightforward pre-
registration methods are described.

9.1.2. REGISTRATION PROCEDURES

The three basic ways in which multispectral films can be registered
are as follows:

A, Implicit Register In The Miltispectral Camera

Desien
A multilens camera is designed so that each set
of multispectral images is exposed in "unitary"

form, combining on one sheet of film, all of the

images which comprisc the set, in a fixed geo-

metrical arrangement. By using this same spa-

tial arranpgement in a viewer, the unitary shect
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positives can be registered foy projection with

O TP ol O
minlmal effort.

B. Registration In Printing

In a system which vses a cluster of separate
cameras, rather then onc integrated miltispec-
tral camera, the separate negatives can be reg-
istercd mechanically, beforce positives are
printed for viewing. Mechanital register is
accorplished by means of a special register punch,
which punches two small precisely spaced holes
along one edge of the film, outside the formate
arca. By means of appropriate register techniques
(described in Section 4) the fixed location of the
punched holes with respect to the image 1s main-
tained on all of the negatives in a given sct, thus
registering them with respect to one another. The
pre-registered films can then be positioned for
printing, on register bars, so that the holes in
the film engage pairs of pins whose diameter and

spacing are precisely matched to the punch.

The set of mechanically registered negatives can be
| printed to yield:
a. Individual positives with punched register
holes, which will engage sets of precision

pins on the film carricr glass of a vicwer,
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mountod in any desirea COCTYLCaL arrande-

ment, o

b. A unitary shect positive with any desired

spacing amnong the component positives of
the sct, to fit ony fixed spacing arrange-

ment in a vicwer.

C. Registration In The Viewer

In this mecthod, there is no provision during exposure

and processing of the films for registration or indexing

of any kind. Registration is accomplished by positioning

the films in the viewer and adjusting them until coin-

% cidence is accomplished.

9.1.3, (OMPARISON OF REGISTRATION PROCEDURES

Only the two alternatives of pre-registration in printing, and

registration in the viewer, lend themselves for consideration in the

design of multispectral viewers for general use, where the available

film has been exposed in clusters of separate caneras.

It is important to note that in either of these two registration

schemes, any scale descrepancics among the individual positives must

be corrected before registration can be attempnted. Clearly, an attempt
g I Ys

to superpose two images of different scale will be time consuming and

wsuccessful. The sequence of obtaining approximate register and then

correcting for scale can scrve no useful purpose, since a subsequent

re-reeistration step would obviously be required.
8 l
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other hand, has only one possihle advantage to commend it: the user

!

is equipped to hendic sets of separate films ond is not totally de-

pendent on the availablity of films in special nye-repistered format.

As described in Scction 4 however, it is a yelatively simple matter

to provide the user of pre-registered films with a velatively inex-

pensive device with which he can do his own pre-registration of loose

individual films when necessary.,

A. The registration of any given set of negatives is

accomplished efficiently, once and for all, at a

\

|

)

|

|

E The principal adventages of pre-registration are as follows:
(
\

I

)

;

|

central station and any nunber of unitary pre-reg-
istered release positive films can be made and dis-
tributed to users, who need simply insert a unitary
positive into the viewer and move it into register

within a matter of seconds. This arrangement avoids

the substantial total of wasted effort which would

be involved if the time consuming process of regis-

o

tering a given set of separate films were to be re-

peated by each and every user, cach and cvery time

he had occaczior, to examine a8 particular set.

B. Pre-registration can significantly reduce the cost

and complexity of viewer design and thercby help

make viewers more readily available to broader classes

of users. A viewer with full capability for regis-
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tering four senarate films reounives Tour film stagses, each with

three degvees of frecdom (Covtesion coordinate novesonts nlag
anaular yotation) o cover a wide range of adjustponts,  “hen
pre-recistered films are used, cven a vrecision viorer necd
only have provision for minor adjustments and a simelified, low

cost viewer can function with only a rudimentary cenability for

ad justment.,

C. With pre-registersd films a reasonably laree portion of the viewer
occupancy time can be devoted to the desired end-use -- cxamination
of multispectral displays -- instead of being wasted on lenothy

register operations.

D. It is only with the use of pre-registered films that a viewer
can provide the all-important capability for reascnably rapid
frame-to-frame comparisons of multispectral disnlays, 1f a pair
of displays to be compared arce senarated in time by the lenathy
period required for registering a sct of separate films, the
operator's visual recollection of the first display will he
Serious]y impaired by the tine he sces the second display,
Though the two displays could be compared by photooraphing thom
and examining the resultant records, this tyre of comparison

is far less useful than its real-time, on-screen counterpart.

Pin registration can provide the § micron accuracy reauirement if
magnification is provided for the viewing and alignment operation. A
minimun of 10 x mamification will suffice; however, 20 x will retuce

operator judgement factors.




ALl nrenaration of pro-ronic
i 8. i i

viewers can be accomplizhed through the use of only two basic tedmiques.

These are:

A. A registration printing system for production
of unitary release positives, arranged in a

format to match that of the viewer.

B. A simple registration device to accompany

each viewer, so that the user can pre-register
sets of separate positives, in those cases where

pre-registered wnitary positives are not available.

The basic equipment required for both of the above technigues
can be readily assembled, at modest cost from commercially available
registration components, such as are widely used in graphic arts color

separation work, and dye transfer printing.

9.1,4.1 Pre-registration Printing System

The recommended system for pre-registration printing of unitary

positives uses two basic equipment items: a precision register punch,

and a special contact printing glass containing precision ground pins

whose diameter and spacing match those of the punch.

The operations of pre-registering a set of negatives and printing

unitary releasc positives from thew zve shown schematically in Figure 1.

(Though the figure shews a set of three positives, the technique is equally

applicable to scts of four or more.)
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soatives {see Fipure 1a)

a Register Culde Positive tra (Figuye 1b) is printed from any

one of the negatives.

Using a precision register punch mownted on a light table (as
shown in Figufc 1c) the Register Guide Positive is positioned on the
light table and secured in place. Each negative of the set, in turm,
is registercd to the Register Guide Positive, and register holes are
punched along one side. The use of negative and positive in this fash-
ion provides a Criticai, visual indication of register: when the images
coincide, all brightness differences appear smocthly cancelled, without
fringing. A low power microscope, not shown in the illustration, can
be used to aid in registration. '

The resulting set of registered negatives is depicted in Figure 1d.
For printing of unitary positives, these negatives are mounted on a
spécial pin register printing glass in which are embedded thiee pair
of register pins. (See Figure le.) Each pair of pins matches the hole
diameter and the spacing between holes produced by the punch. The
spacing among the three pairs of pins (i.e., the spacing among the three
films of the set) is arranged to match the viewer format.

The final unitary positive is shown in Figure 1f. No register
holes are necessary in unitary positives of this type, since the fixed
geometrical relationship among the three images is sufficient to pro-
Vvide rapid register in the viewer.

The required type of pin register printer glass can be readily
obtained from commercial sources and can be used with any type of flat-

bed contacts printer. It is important to note that, by using different

o)
'
~3




pin reoister printing glassces, cach with a diffevent s ing The
three films, a given set of negatives con be uscd fory rrinting mmitary
BOST T ven et ohed fo oy manhor of G EfevenT T o N O3 et o e
POSTIULIVOS Aty wo iy Duber O d1rrerent Viewes 24T CONTITUTraTtions .

In other \ovd>, the usc of pre-reoistered filns does not frecze the

vicwsr format design in any way,

9.1

4,2 User Technique Yor Registration Of Separate Positives

In the interim period before pre-registered unitary positives

will have become widely available, users will be readily able to regis s ter

existing scts of scparate positives, using a techniqgue very similar to

that employed for registration printing. After pre-registered positives

have come into general use, provision for user registration will still

be needed for occasional sets of separate positives.

As shown in Figure 2, the recommended technique for user regis-
q

tration starts with a set of three separate positives (Figure 2a) from

which a Register Guide Negative is made (Figure 2b).

The procedurc for obtaining rcgister (indicated in Figurc 2c) is

identical with that used in the printing system described previously.

The set of punch-registered positives (Figure 2d) is mounted on

a viewer carrier glass, which is provided with register pins, properly

spaced to the viewer format. (See Figure 3e.)

To implement the use of this method, cach viewer designed for

use with pre-registered films would be provided with the follcwing ac-

cessorics: a register punch, and two or more pin register glass carriers.

(Having more than one carrier available would facilitate rapid frame-

to-{rane comparison.)
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() SDUNT REGISTERED POSITIVES ON
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If we consider the mudtiband viewing requiverenis from €

H
el

he input

5

to the output on a system basis, rather than a cowponcn: hardwarce basis,
we have to define the inputs wmore specifically. Tor exmmple, the output
of the Lxperiment S101 Multispectral Terrain Photographr, will be six
70rm x 100 foot long negative film rolls., Tour of these are intended
for usage in the PV, two Kodak Panatomic-X Aerial filws and two Kodak

Infrared Aerographic films. It is also consideved thzt the original

negatives will not be used in the PMV and that positive dupes will be

prepared for usage in the PMV by the earth resources user agencies and
Prinicpal Investigators. It is at this carly stage in the utilization
of the multiband data wherein anticipation of futurc problems and effort
can provide maximum cffective uscfulness,

9,1.5.2 Film Duplication

It is considered that the original negatives will be trecated like
"gold" and that just a limited number of first generation positives
("masters') will be made from the original negatives in order to prescrve
their quality. It is also considered that sccond generation positives
will be prepared from the relatively few first generation positive 'mas-
ters' and that these second gcncration positives rcpresent the highest
quality imagery which will be used in the PMV. These second generation
positives will undergo significant handling and manipulating as they arc
used in the PMV since almost each set of frames must first be preciscly
registered and superimposed in order for effective screening and precision

analysis to occur,




G.1.5.5 Pre-

Fhe Pro-veoastivetion

vould start with the first gencration pos

oy

of making straightforward dupes of the "masters' for uzzze 1n the DV,

it institutes the Pre-Degistration Printer for preparving the film,rbll
to be used in the PMV. The Pre-Registration Printer would contain all
the precision adjastments and capabilities of the PMV with respect to
the transporting and registration of the film frames. The objective is
to reproduce the imagery of the four (4) 70mm x 100 foot film rolls

on to one (1) 9 1/2" x approximately 300 foot film roll with all four (4)

franes of a specific arca imaged in the exactly desired locations for

automatic registration in a simpler multiband viewer. Since there are

no spectral filters involved, no multiple magnifications, desaturation,

etc., the Pre-Registration Printer is significantly simpler than the PMV

N s -

and its optical projection system can utilize a single lens with bean
splitters to eliminate differential distortion and focal length. The

output of this Pre-Registration Printer, the 9 1/2" wide film roll can

then be utilized in a "Simplified” Precision itultiband Viewer. Figure 9.3

illustrates the Flow Diagram for ifultiband Viewing for both the regular

- concept and the pre-registration concept.

9.1.5.4 Conclusions and Recommendations

The primary cffort of this study has been to be completely responsive

to the requircments of Ixhibit "A", Statement of Work for '"Precision Malti-
band Viewer Study'! Contract NAS9-9489. To accomplish this a minimum of
effort was available for presenting the advantages of the Pre-Registration

Concept. Therefore, it is recommended that further study be conducted
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9.2.1 Ceneral

T

The requircenont for achieving an overlay canabiiity on fhe Y
screen for annotations has been studied and is considerad to be a second-
ary objective or pecrformance feature, rclative to the nrimary objective
of superimnosing the four spectral images and of varving the hue, inten-
sity and saturation of the resultant imase, Tt is evident that the func-
tions of screening and nrecision analysis of multiband shotoeranhic imagery
should not be minimized in order to enhance the overlay and anmotation
function. Thereflore, the configuration defined in the studv utilizes
a nearly vertical projection screen for conveninece in viewing rather
than annotation, It is felt that transparent overlay material can be
easily affixed to this projection screen and direct annotations can be
appropriately made with the porous nylon tipped marking pen or cquiva-
lent. Tor those uscrs of the PMV with heavy planimetric compiijng needs
a table top projection screen would certainly be more convenient. DBut
then again, in order to do effective comniling, a grcater range of nro-
jection magnification (continuously variable) is also desired. Tt readily
becomes evident that an optimized overlay and annotation canability for
the iV would impose objectionable desien Da}ameters Telafive to the nro-
jection optics with associated registration and illumination commlexity
as well as the decreased human engincering criteria and convenience in

viewing with respect to horizontal versus vertical viewing confiourations.
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ombhined ith the vertical

viewing ciotilary cquitront modules
which can be incorporated on to the DMV, or not, in acccordance with the
user's needs, There is a wide varicty of standard off-the-shelf devices
which can be employed to implement this annotation fumztion.

9.2.2.1 Ramwte Pantograph Device

Standard pantogreph mechanisms offer the advantage of remoting
the annotation and/or overlay material as well as the capability for
scale changing so that the projection optics are not cemplicated with
unnecessarily stringent reqﬁiremcnts. Tt would only be necessary for
the stylus, which is mechanically coupled to the amnotation pen, to be
located at the projecticn scrcen. Manipulation of the stylus over the
projected imagery would trace and define the subject on the ammotation
sheet at the desired scale factor.

9.2.2.2 Direct Plotting at Projection Screen

A simple open-loop analog X-Y Plotter can be incorporated over
the projection screen to facilitate annotation on the ncarly vertical
overlay sheet. Instead of the analyst having to trace and ammotate on
to the overlay in an uncomfortable "blackboard" writing fashion, he
would merely have to actuate a 2-axis joystick control. This joystick
control could be conveniently located on tﬁo work table {or easy opera-
tion and implementation. The 15" square screen size is compatible with
the size of many of the standard plotters. Jor most cases, the oveflay
could be simply clamped on to the screen.  VWhere greater accuracy is

required, flattening techniques onploving vacuum or vacuum o1 clectro-
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In this casc only the stylus or a reticle, as desired, nceds to be Jo-

Jon transmitted

cated at the projection screen with its position inforry
to the remotely located plotting rmodule via closced-loop servo systems.,
Again, depending upon the needs and requirements of the users; coverage,
scale chonging, speed, accuracy, characters and symbols to be amnotated,
storage, interface with computer data, ctc., can all be accenplished
within the modular or building block {ramework., Eventually, automation
and interface with digital data processing systems will be required of
the V. Eventually, mensuration capabilities will be required and ra-
pid correlation and reduction of the multiband data will be essential,
However, since the scope of the present PMV, as defined by the
Work Statement, is the screening and precision analysis of multiband
photographic imagery, this overlay and amnotation capability 1s most

practically accomplished by hand.
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